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NOTICE. 



In the revision of the present volume, the principle 
has been adopted of retaining unchanged all such 
portions of the original matter as correctly describe 
the existing conditions of Iron and Steel Manu- 
facture. 

In each section of the work, manj additions have 
been made, so as to complete the practical and sta- 
tistical information up to the date of publication. 

To several Iron Masters and Steel Manufacturers, 
who have furnished much valuable matter, I must 
tender my especial thanks. 

Jiilj 30th, 1853. 
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^UFACTURES IN METAL. 



UtON AND STEEL. 



H the globe on which we live exhibita but few 

metallic veiiis at its surface, ne have Gtion); 

cnce for believing, that in the earliest stages of 

li-civilisation which appeared amongst the no- 

cea of mankind, several metals were rendered 

ilaUe for me and ornament. 

Lit is useless now to Epecnlate on the aecidents which 

a knowledge of ihe effects of fire in pro- 

J the separation of the pure metals from their 

: it mty not, however, be without its use to examine 

i probftble natural conditions of those metals which 

tie probably the first employed by man. 

I The surfaces of mountains and cUIFb, which had suf- 

I disintegration from the atmospheric changes to 

nich they were exposed, or had undergone 
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denudation by the long conlinueil action, during geolo- 
gical ages, of ocean curreuia, niUBt have given l' 
earliest indications of mineral foimstions. Tlte bt 
of torrents which during the winter seasons swept tbi 
debris from the mountains, being left dry during t""^^ 
summer heats, must have exposed many of the metal 
minerals. These were doubtless first used among^ 
men — while those which were situated deep in iJu 
earth could not have been wrought, until necessity, 
taxing the inventive powers of the human race, h 
taught mankind the mechanics required in even the 
iDoat simple operations of mining. 

In the rivers of the East, along the banks of whicU 
human industry must liave been first exerted, go" 
was discovered in deposits similar to those which a 
now attracting so much attention in California ai 
Australia, Over the same regions, the ores of iron i 
extensively distributed, the massive peroxides of in 
forming large portions of several mountain ranges, whilfl 
the magnetic oxide of iron is spread as sand over widely 
extended districts. The rude Indian bellows, which i 
now employed by the native Hindostanee, formed froa 
the stamps of trees, and used as a kind of pump, 4 
piston being fitted to the hollow, is in all probability i 
representation of the moat primitive form employed fill 
producing the heat necessary to fuse the refractory orM 
of iron. These two metala, there is every reason fbi 
supposing, were employed by man long previously tc 
discovery of any other metalliferous minerals. 

Mineralogists have started the question — longai. _._ 
volved one — whether aU the mineral treasures which 
have been extracted from, and those at present existina 
in, the bowels of the earth, were formed, like the mate- 
rials amidal which they mostly lie, at the creatioi 
whether they may not have been the production of snb- 
Mquent fedwls, either resulting from some of those 
• ■ ' - (n«"» which ate obviously attributable to 
liApcratians, or from cliemicsl changes 
fc.-_ ---^ding (0 gjjj [g^^.,^ through. 




PAIltlTtVE lIZTALLVHtil. 

ml all the res^ona of nature vitli which we are ac- 
quainted ? The discuasion of ihin aubject, intereiling 
•■ il is, belongB, howpver, rather to geology and 
(faemtatry than to the arts of working in mei«|. A 
miag aUiuion to it, therefore, may luffice in this place. 
With respect lo the existence of gold as a primary 
^Knent of our ^lobe, we appear to have the affirtnaliTe 
tMtimon; of Moses in the second chapter of GeneaJa, 
1A0K, mentioning the situation of Eden, be hicewise 
dcKribes the four headn of the rivers by which the 
gvden was watered, wid saysj — " The name of the 
first was Pison ; that is it wtilch compaeseth the whole 
land of Bavilab, where there is gold ; and the gold of 
land is good." This is certainly the earliest in- 
(tance on record in which mention is made of the ex- 
nce of any metal; but although commentators do 
dispute the propriety of the translation in this place, 
it may be contended, that the sacred historian may refer 
<V ihc rivers as they are presumed to have been known 
U Ae time when he wrote, rather than as they might 
,t)ia*e enisled at the formation of Eden. Be this as it 
■nay, there can be no doubt that the locality anciently 
nuDied to the waters in question, possesses a ealiicient 
jree of geographical identity with that part of the 
mqrld where gold is at present and has always been 
Ibnod, to justify these remarks. 

The presence of many melals must, in tile earliest 
have become, in various ways, too obvious to 
jic art of smelling thoir ores to have remained 
BOg nndiscovered. The detection of the native metal, 
ir the aecidentat efficl of iirea upon tlie more fusible 
PR9, ftre circumstances which account at once for the 
DDtionB and strange fictions whieh existed among 
le Ucienta on this Eubject ; especially the natural and 
idea of the conflagration of a forest by the rub- 
ng of trees against one another during a high wind, 
d the consetjuent fluxion of some of the metal from 
(• lying eypoaed on or near the surface. 
JJilhop M'atson, in his Chemical Essays, |KrtiiiaiiIy . 
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obserres, that " the eaiih, in a little time after d 
deluge, and lung before it could have been peopled Ii 
(he poalerity of Noah, must have become covered wii 
vrood. The looBt obvious method of clearing a 
of ila wood IB setting it on fire ; now, in tl 
mineral countriea, there are veins of metallic ores, whio 
come up to the surface of the earth, and theie hi 
heen fused whilst the woods growing over them were « 
fire, probably suggested to many nationa the fir^ Idel 
of Btnelting ores ; — 

And brui, aid illier, ud Ignabhj lead : ' 

HDtnra^oriUw.^stluidlnd.Dr^biui, ' 
Demnded ilowtl ud foimedm gUlWrlDg mail.' 

" There is no natural absurdity in this notion of thd 
poet ; sud, indeed, it is confirmed by the testimony <: 
various ancient historians, wlio speak of silver and otha 
mECals being melted out of the earth during the buminf 
of the woods upon the Alps and the Pyreneei 
milar circumsiance is said Co have happened at Croatia^ 
in the year 17^2 : a large mam of mixed metal, cotqi 
posed of copper, iron, tin, and silver, having been fluxed 
during the conflagration of a wood which was accident- 
ally set on fire," 

This consistent hypothesis, which has been adopted 
by the old French poet Du Bartas, eomea c 
the verbose translation of JoGhua Sylvester, ^ 
and brilliancy like the Issuing of molten iro 
furnace : — 

. " Wtillo UironEfa ■ rurat TMal (wiih hit jm 



And of ififl wonder doeplf 'j 



Duder dfleplf 'aan devlw. 
:elliDg Ihat Ihll Idaldlng meUt, 



rmtt VBES or THE UKTALIL 

li mwld be uditnis to alliidi; to the vuioui fMn b 

rliich the ancients have endeavoured to iutiDOttaliEe 

oae who have benefited the world, by inventing or 

lunding the methods of working in metals. We con- 

n lay much stress upon the supposed antiquity of 

iitiJD arts from the Scripture notice of Tubal Cain, 

K anietliluvian " instruetor of every stlificer in brsEs 

id iron." On this point vie may, however, again 

JOte Biabop AV^atmn's remarlis, who, referring to the 

ialory ol the human nee in tlie book of Genesis, stiyt, 

'* Jl b aomewbat remarkable tba.t from this account, 

, the chemists should be authorised, with 

v propriety, to exnlt the antiquity of their an to tlie 

Uriiwt times. Tubal Cain is there mentioned asHn in- 

t of every artiScer in copper and iron. This 

stance proves, beyond dispuie, that one part of 

letollurgic cbemiBtry was well understood at ihat time, 

T copper and iron are, of all the metalu, extracted frcmi 

idr oRs with the most difficulty, and cannot, even in 

ir days, be rendered malleable without much skill and 

onble; and it proves, also, that the arts in general were 

I an improved state amongtt the lulediluvians. It is 

", indeed, tliat eome tribes of Hottentots (who can 

rre no pretensions to be ranked amongst the cultivators 

' tlw arts) know bow to melt both iron and copper ; bnt 

it knowledge of theirs, if they Imve not derived it ftuni 

le with the Europeans, is a tery extiaordt- 

nmstance, dnce the melting and manufacturiiii; 

s are juBtly considered, in general, as indicatlona 

e advanced stale of civIJiEaiion than the Hot- 

ratots have yet arrived at. Still less can we derive any 

iformatioD from the fabulous credit attached by the 

lytholopsl to the discoverieBi of Ithonus, the son of the 

'hraciaii Noah, whom the Greeks accounted to have 

rand out the fusion of the nnetals, and the art of coin- 

g tnoney. It is, however, prubable enough that as in 

'ubal'a time the inhabitants of the earth had not only 

iQl eitiee, but were possessed of t^DJcient ingenuity to 

fUlTUCi so vast a vessel as the urk, that many handi- 
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craft arta may have been practised and taught bjr thi 
Bon of ZlUab, and have exibted extensively before ll 
flood. 

Gold and silver, u being of most obTiooa occunm 
in those pnrta of the world which were eirliest people 
would, no doubt, be among those Unt aubnutted 
uiftnufactore ; rather, howeyer, for the purposes of om 
meoting the persona of the finders, than either for uteufi 
of convenience, implemenls of ingenuity, or weapons 
defence. It is, indeed, remarkable at how early ipeiio 
and how generally, a knowledge of the value as well 
the dactility of the prei^ous metal appears to bs' 
obtained in the world ; the moat barbarous nations i 
stiDClively decorating themeelves with oniaments of gold 
and silver. It must be apparent to every one how imfl 
instrumenls of these mends must be either for tools tx 
arms, compared with others of the more common clas* 
Hence it is, that in countries where gold or silver havi 
neither been unknown nor scarce, the nalives who hliT« 
worn rings of these metals on their limhs, have resortet 
to pointed bones or sharpened dints for their bodkins or 
their war apeara : a uail or any piece of iron being ts 
them of more value than, their softer precious metal?. 

The hardening of copper by the admixture of tin 
aeems to have been introduced at a very early perioi 
into the manufactures of semi-civilised nations, and i 
generally to be understood when the terms hraat m 
braxsn occuriu authors ; brass properly being a factitioni 
laetaL For the eKtenaivc prevalence of some hard and 
useful metal, in very early times, we have the direcl 
tealimony of historians : braiien swords, brazen spearii 
brazen shields ; hta«en ploughshares, brazen heiineta, 
brazen statues, and a long tt cetera of other articles, ara 
perpetually occurring In the pages of ancient authors. 
To these may be added the numerous antiquities de- 
posited in the different museums of Europe ; and even 
such are yet occasionally turned up by the spade or the 
ploughshare, in those situations where they htve been 
dropped by the aborigines or their invaders, A more par- 



of the composjtion of llie melal of dl«ff 

rtigia will be piTen in a fmure page ; they are all, 

iwever. ttue bronnes, that is. mixtuTo of copper and tin. 

Of iron and steel — met»l» to pre-emijienUy valuable 

I the sttificei7 of modern times, the early racea of 

nnluitd appear la have poBsessed bill a fieri/ iniperfert 

This niay have been owing partly [a thf 

tphical ailuations in which llic ore is generally 

and partly to the fact of native niaaaes being ex> 

; but mainly, it is to be presumed, » the 

rure of the ironstone ilaelf, whtcb can only 

brought in[o a state of fusion by the most intense heat 

■ JhniBce, from which it flows in masses too in- 

euiie for reduction without tolerable implements, and 

ne Gonsiderable knowledge of metallurgy. BesideSi 

iRver, the difficulty of fusion, another otycction hu 

SI urged against the use of iron among uncivilised 

lima, namely, that aUowing- the iron ore to be reduced, 

I metal thus formed would not be malleable, but cut 

vn, and consequently incapable of being applied to useful 

Bipoaet by a people void of mecbanio combinations, and 

llhont the aid of powerful machinery. It may be 

uffident in tluE place to adduce in reply to tbe foregoing 

k, the fact that malleable iron preceded the use of 

Dsh machinery ; for all the machines of which we have 

Ij oertain knowledge, that ate used for the making of 

m malleable, are themselves made of iron ; and it must 

f allowed that tbe material was known before tbe ulensil 

old be formed. 

The Mdntence of pure native iron was formerly 
KStioned ; of the fact, however, that such pieces have 
«i found there now remains little doubL At the 
of Kamsdorf and Eibestoch inSasony, native iron 
een found fonning the centres of BtBlactiform 
tof brown hematite, and a similar phenomenon has 
WD observed in the mountains of Oulle near Grenoble. 
hi* native metal is not exactly like ordinary iron ; it ia 
'liter and more ductile, and there is little doubt but 
liu been produced by the decomposition of a chemical 



compound of iron wiih, probablj, sulphur. More p 
ceiilly h hB9 been found in three places in the Uoitei 
BiaWB, at Canaan in Connecticut, Pennaylvanis, ani 
North Carolina. In neither case was the iron perfectly) 
pure, copper, lead, carbon, and arsenic being found in the 
tlifierent specimens. A mass of mallenble iron, which 
from its composition appears to have been of meteoric I 
origin, neighing 16S0 KuEsian. ponnde, nas found ii 
Siberia in 1755. ll was easily cut vrith chisels, and ii 
man^ places presented cavities filled with amall poUahei 
piece* of byacinthine spar. 

The discovery of pieces of meteoric iron ha 
confined to the old world. In the " FhiloaoplueK 
Trtmsacliona " ( 1 788 ), there is a paper on the lindin] 
of a mass of natiye iron an South America, in 1783, b] 
Dan Michael Rubin de Cesiis, a Spaniard. The block 
which waa three yarils across, and wrighed 300 quintal* 
was found at Otumba, almost buried in ^)ure cUy ani 
aeheB. The notice is curious: — "The exterior *p 
pearance of it was that af perfectly compact iron ; bai 
on cutting oif pieces of it (aaja the narrator), I found 
the internal part fuUof cavities, as if the whole had bee 
formerly in a liquid state. I was confirmed in this ide 
by observing on the surface of it the impressions aa e 
human feet and hands of a large size, as well as the feel 
of large birds, which are common in this country. 
Though these impressions seem very perfect, yel I ant 
perauaded that they are either a /urns natura, or &1| 
imppesaions of this nature were previously on the ground, 
and that the licguid mass of iron falling on it received 
them. It resembled nothing so much as a mass of^ 
dough, which, having been stamped with the impressions 
of hands and feet, and markefl with a finger, was after- 
vrarda converted into iron." This mass was found to 
be very soft metallic iron, easily cut with a chisel, and 
capable of being wrought without difficulty or 
when heated. 

That atones have fallen from ihe clouds, as well ia 
Bngiand aa elsewhere, Berms to be a fact placed beyond 



I A inetroric stone of a remarkable charactei fell at 

1, near Biale, upon the Rfilne. 

jTlie acconnt dejKiBited in the church runs thai : — 

>. ligS, Wednesday November 7lh, there was a 

[p «f thunder, and a child eaw a stone fall from 

: it struck into a field or wheat and did no harm, 

te a hole there. The noise it made was heard at 

;, Villing, and other places. On the Monday, 

g Uaximilian ordered the slone to he brought to the 

le; and after having conversed about it with the 

lemen, said the people of Ensisheim should hang it 

Kia their church, and his Excellency strictly forbade 
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anybody to Wke atiythinp from it. His Exnlleiw 
hoirever, took two pieces himself, and sent another I 
Duke Sigismund of Austria. This itone weighed 255 Ifai 
and wai found to contain iron, nickle, eiUcs, magnet 

The history and conversion of one of these meteorl 
tnaises is too curious to be omitted. In January, ISOC 
an extract from the autobiographical memoirs of tl 
emperor Jeliangire, which had been iranslated from tl 
original Persiati by Colonel Kirkpatrick, was read befii 
the Royal Society, It related to a luminous body, wM( 
f«U amidst llmnder ami hghtning in 16^0; and the fo 
lowing, with a few verbal alterations, are the words i 
the relation referred to: — " jMahommed Lyeed, the fl 
periniendent of the district where the slone had falln 
directe<l the ground to be dug up, when, the deeper 
waB dug, the greater was the heat of it found to be. A 
length a lump of iron made its appearance^ the heat oT- 
which was so vinlent, that one might have supposed i' 
to have been taken from a furnace. After some time 1 
became cold, when the superintendent conveyed it to hi 
own habitation, from whence he afterwards deapatcbc 
it in a sealed bag to conrL Here I had," continues tl 
emperor, " this subalaiice weighed in ray presence. Ij 
weight was l6o tolahs (live or six pounds). I coni 
mitted it to a skilful artisan, with orders to make of it 
aabre, a knife, and a dagger. The workman soon r 
ported that the substance was not malleable, but shiven 
into pieces under the hammer. Upon this I ordered I 
to be mixed with other iron. Conformably to my ordi 
three parts of the iron of lightning (or thunderbolt) w( 
mixeil with one part of common iron, and from t 
mixture were made two xubrps, one knife, and o 
dagger. 

"A poet composed and presented to me on this occ 
the following tetrastich : — 

■ Thli earth hu uuln«l Drdir iiid reinlsrltr threagta tbt enpen 



^ 



a.ellller in ihe meteoric Blale or as projected from 
, may have been found by the ancienls, bui 
fe it no leaton for euppo)riR<; lliat any such ditcovery 
H mggested or preceded the Btuehing and lue of the 



. might 



!r Iran had been m common use among the Greeks 

^me manafacture of agricultural implements, a lump 

kit melEd of the size assumed by the poet or his 

might have been no unworthy priae for heroic 

a ; but, as it is by no means clear that the 

f iron for the purpose of military weapons 

I turned to account, much losa caa we suppose that 

Birtof BubjugatiDg so stubborn a material by the pas- 

Vnces WBB at that time known. Some hare supposed 

■ the passage shows that, even if the value of iron was 

rn, the itifHculty of working it had not been fidly 

Mtne. All translators of the Iliad and Odyssey 

I introdui;ed the words iron and Eteel, but this fact 
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constiiutes by iuelf rather a poetical than a philolpg 
refutation of the sEsertion which bB,s been made, thai' 
lemis go translated merely mean in the origiaal nei 
in general; or bi most, characterise metals, which cut 
be fihoiTn to be iron and &teel. 

AUowitig, however, conteniis the advocate for Hie 
firmative, that the Homeric word ffiGijpac does, in fD 
places, merely signify metal in the generic senw, i 
there are many passages where it cannot be M iM 
preted without violence to the sense. If, thCTSft 
aiir)pot: does denote any Bpi^cilic tnetal, it must be tp 
as eontra-dislinguished from ^pu^ne andxi^^foc:*!' 
lead, tin, nay, copper {opEi)(a\<oc), are known by eat 
appropriate terms, It seema, therefore, reasonable 
appropriate iriBipos for the metal of iron, whicb thae 
describes BtiaiBiiir, splendid or bomished; irrtptw:,\ 
hard; rnXvae, grey coloured; jro\uc^»(roc, 
very much labour to be wrought ; iodic, adapted tO' 
points of missile weapons ; besides Iwing used as a sit 
for hardness of heart, rash bravery, and unpenuad< 
obstinacy. It has been noticed as remarkable, I 
Hesiod, an authority at least as ancient as Homer, <! 
not mention iron as forming any part of the armoui. 
Hercuies j notwithstanding, in his famous de«cripi 
of the generations of men, he specifies, along with 
golden, silver, brazen, and lieroic, — the iron age, us 
the epithet SIAHPEON. It may be added, that H< 
dotus beilows much admiration on a vase said to h 
been of iron, and most curiously inlaid, which was [ 
senied by Alyatea the king of Lydia, at the shrine of 
Delphic oracle : but no safe conclusion, either as Co ) 
terjal or workmanship, can be come to from his desci 
tion, unless the vase itself were forthcoming for out 
spectiou. 

Profeisor Beckmann of Gotdngen, whose erudite i 
lections towards a " History of Inventions " have b 
some time published in this country, in speaking 
Steel, says, " it appears that it was used so early 
time of Homer, and that the Greeks gave to it dlfferc 
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e of the mosi coromon of which was aUmomi.'' 

■ pralVssor, however, does not refer hie readers to 

BUtlcuiar passages in the Greek poems above men' 

Mj indeed, he expreul]'' says in another place, lliat 

) httve used arofAWfut to denote copper 

1 have done. He quotes a passBge from 

BOdjeaey, in confirmation of hi» belief that the art 

ing iteel, hf immerBint; it suddenly vben red 

1 water, is very old. Homer says, that when 

ired out the visual orb of the Cyclops, Poly~ 

a stake charred in the fire, the quenching 

it wood in the giant's eye resembled what 



■ the comparison of being hardened like 



tiBB been ^M^^^^H 
-iters appeal *°uM^| 
inslrutnentB, thmi;^ 



The nord arofiUfia, which has been ■ 
tioned, does not in the Greek writers appear w 
imply Bleel, as the tteeling of il 
■what proresa does not by any means clearly ■ 
While, therefore, it is admitted that Homoma may 
nify the giving an edge to, or even the hardening 
edge of an instrument, it certainly cannot be alio 
mean, what by the term steeling would be meani I 
modern artificer, namely, the welding of an edgi 
steel to a body of iron, or the fastening of it by D 
means U> that or other substances. The same tot 
said of the expressionB of Phny, — aciem indurani 
gare incudes et malleorum rottra ferrum temperar^ 
words wiiich, whatever ihey may mean, are not te 
couslrued aa if they had been written by a 

From the Chalybes, a people dwelling on the 
shore of ibe Pnntus Euxinus, and who had ci 
iron and et«el workE, has s\ee\ derived its Greek n 
XttKvii, though some liave sought to derive the ni 
the people from their works. The word Bhalifi$i 
adopted by the Ramans from the Greeks, and it has, 
the reader will recollect, passed into our own langui 
in the adjective chalybeate, a term ui^ed almost familia 
for impregnations of iron or steel. 

" 1 have never found," says Beckmann, " in th 
of the ancients any traces of steel prepared by a 
tion ; nor am I acquainted with the antiquity of t 
process, though the ancients, without knowing it, t 
pbyed it for brass. Spielman says, that Pliny, ii 
place, calls it toitio; but this word occurs neither 
Pliny, nor in any ancient writer. It is, however, p 
Bible ihat iorrcre may somewhere sigtiify ceme 
but I have not yet met with an insunce of it. 

" The preparation, however, by fusion, as practi 
hy the Chalybea, has been twice described by h ' 
I shall only remark, that ihe sleel of the and 
consequence of not Leing cemenieil, suffered JJaelf to fl 
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red, and was not nearly bo brittle as the hardest 
Svhich we are BCquoinled at present. 
1 tlie olher hand, tbe lingular method of prepare 
tl emploj'ed by the CeiliberianB in Spain, (leaervei 
I here described. According to the accounts of 
a and Platarcfa, the iron was buried in the earth, 
n till the greater part of Jl was 
What remained without being ox- 
L was afterwards forged and made into weapons, 
ularly sword?, with which they could cut 
T bones, shields, and helmets. 
■at may be the peculiar nature of the Celtiberian 
r ateels, we are not informed; it ia> howeTer, 
1, if luch effects aa those referred to in the pre- 
t account, should follow the mere burying of the 
the ground. Whatever may be thought of the " 
K belief that steel acquires a tenacity by huryiug 
' n among the workers in these metals, generally. 
n of the old Sheffield cutlers, who had credit for 
gjlrat-rate articles in their day, were in the habit 
Lcing bundles of steel in the mud of some water- 
i for a few weeks, by which means the metal, al- 
't lost much of its weight by oxidation, was 
be much improved in quality. And it is 
with scisaor-Biniths, when they get steel that 
bsa a tendency to break on the punching of the hole for 
dte foruBtion of the bow, to place it in a damp cellar 
fbr a few weeks, by which treatment having rusted con- 
aiderably, it is stated to become fit for use. 'i'he power 
of the atiuosphete Co produce some favourable change in 
Ok metal is recognised by country blackEmitha, who, if 
diey want a bit of iron for some purpose where extreme 
tenacity is required, are anxious to possess tliemselves of 
an iron cramp that may have been mouldering for cen- 
turies in some stone-work which it holds together, or 
eren some half-consumed hook from an old gate post, 
a well known tliat the iron of old Lonilon Bridge 
]ught at tome considerable price, from an idea 
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that it was susceptible of being converted into 
steel for the finest kuids of cutlery. Plutarch' 
that as steel is only a more perfect kind of iron^ 
therefore the softer and more ignoble part of 1 
is first converted into rust, is purely imaginary 
Although the evidence which has been quot 
appear to lead us to the conclusion that iron wa 
known to the ancients^ it is not a little singi 
neaiiy all the remains of metal manufacture wl 
[\'.] been discovered are in gold^ silver, or broi 

j-i' ■ Egyptian bronze figure in the collection of the 

;:| \ of Practical Geology was found, when a port 

;[■) ; was cut ofi* for analysis, to be cast upon a core 

\i ; which was doubtless introduced to give streng 

\ casting. The ingeniously constructed spear-hea 

II ; are found in Roman encampments, the swords, 

,l| ; some fine specimens have been found in the river 

■^ 1 and those curious weapons or tools, distinguishc 

;|{ 1 name of celts, which are found in many parts 

islands and of the continent, are invariably b: 
^ I nearly the same composition. 

\ \ Leaving, however, this question for the cons 

of the antiquarian, we must proceed to the r 
portant, and no less interesting, examinatioi 
manufacture of iron in England. 



■ irhat period the smelting of the iron ore, so sbun- 

juDtry, was first undertaken by the atidenl 

I, doe* not exactly appear ; it ia indeed doubtful 

nas smelted at all in Britain before the 

Ml, diough, undoubtedly, the knowledge of 

le account their mineral tteaaureB was pos- 

d by our forefathers at a very remote period. CBesat 

I, indeed, that when the Ro:iiana invaded Britain, 

^ found the inhabitants in the pOEsesaion of rings and 

I : whether these metallic riches were ae- 

Ffllitedfrom the Phrenicians inbsrter for tin, or whether 

tbe aborigines then understood the art of working tiieir 

own mines, may justly admit of diapule, ^^e have no 

^nilence that the Britons knew how to smelt iron when 

nnd by the Ttomsni. How shall we receive the lesti- 

tyof those writertwho represent them, even anterior 

le itoman invasion, as sufficiently numerous and iu\- 

i beyond the savage stale, to be able to bring into 

eld ID army of 250,000 warriors, well trdned and 

ppiined, and singularly expert in the management of 

K ttrmed wttli hooks and scythes, and from which 

Jf cut their darts at the enetny ? We have no reason 

Ebdieving the weapons with which these cars were 

d to have been of iron ; they were probably bronze ; 

ir actual esistenee would imply a certain advanced 

t of civilisation and ingcnuily. 



That a nation losing the knovledge of iron m) 
retrograde ia barbarism, is an sssertian which, hownn 
bal<l, U tint oltagether hvperbolical; atid the historian 
Birminghacn, with some oonfidence, pves it as bie o| 
nion, that there is no recorded eivample of any plac^ 
an Improfing country like England, where the c 
manufactory of iron, after having been once establi 
ever went to decay from any cause except the failure 
the raw material. It would, however, depose feebly 
favour of this eenliment, tu ailmit that ttie aubjecu 
CaractacuE and Boadicea had arrived at that perfect' 
in the working of their native metals, implied by t 
descriptions of those who speak so glowingly of t 
scytlies and the chariots of the aboriginal Britons. 

It ia not the design of these remarks, in redudi 
exa^emlion to probability, (hereby to defrand our i, 
geuious and valiant ancestors of a particle of their ft 
fame. Whether the legions of Ctesar found the art d 
smelting iron practised «□ their arrival, or whether tb 
taaght it to the natives during ^eir sojourn on tl 
island, must probably for ever remain a guestion. 
is certain, however, that from about the period of tl 
Roman invasion, we may date the commencement < 
our manufactures in metal ; ancient beds of c' 
in nhich have been found Itoman coins, confirmiog tl 
conjecture. 

[t will be readily admitted, as well by all who at 
conversant with our early liistory, as by those who t 
spect traditional probability, that among the earliest tU 
to which the discovery of malleable iron would be •;. 
plied, the fabrication of weapons of warfare would no 
be neglected. In what parts of the island these primi 
live smelting works were established, we can only judg 
from presumptive traces : it is reaaonable, however, tq 
suppose, that where iron ore at present abounds, i 
cially if scoria occur too, there, in all probability, may w 
fix the site of the ancient British forge. 

Camden, in liis " Britannia," has briefly noticed theaq 
curly seats of our infant iron trade, aa well in the countjl 
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it Susses as in the furest of Dean, or Arden as it was 
■ndentlf called. Gibson, in his coniiiiaation, adita, in 
TdetPDce to the latter place, — "tbe present fomt of 
Dealt contains about 50,000 acres; the soil a deep clay, 
fit for the i^wth of oak. The hilla are full of iron. 
ttone, which colour the several springs that have iheir 
piss^e throufih them. Here are several fiimaceB for 
the making of iroii] which, b; ihc violence of the fire, 
becomes fluid, and being brought to their forges, is beat 
out into bars of various shapes. The vorkmen are very 
industrious in teekjng out the beda of old cindert, which, 
not being fully exhausted, are burnt again in the fur- 
nacea and make the best iron. The oak of the forest 
was so very considerable, that it is said to hare been 
pm of the instructions of the Spaniiih armada to destroy 
the timber of that place. But what a foreign force could 
not efFect, our own civil dissensions did, for it weut 
miaera'bl]' to wrack In the civil wars." 

Whether the "old cinders" mentioned above indi- 
cated the works of our forefathers before the conquest, 
or whether they are the memorials of a race who had 
even made some progress in the fine arts, cannot be de- 
termined — most likely the latter, as it is certain that 
iron for^a existed in that part of GIoucesterEhirc in the 
ftta 1239 : for among the patent rolls of Henry III. 
occurs one 'dated in the aSnd year of bis reign, tniilled 
" De/orgeit levandia inforesta de Dean." 

FumesB, a large insular tract comprised witliln the 
Mtinty of Lancaster, is said by Camden to have derived 
its apjiellation " from the many furnaces therein in old 
ttmes." Mr, West, in his antiquiiies of Purncss, speak- 
ing of the Whitreg mines, now exhausted, but which at 
■ very remote period produced large quantities of ore, 
oalla the disLrict in which they were situate the " Peru 
of Furness ;" tbe appearance of the ground indicating 
on every hand the great antiquity of the iron trade in a 
ndgbbaurhood where it is no longer known to any great 
MtrnL The following passage relative to the deelnic- 
lion of the timber in the above-named district is curiouii: 
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— "In the serenth year of queeu Eliaalwth/" Mji 
West, " (he woods being greaUj reduced, certain U 
aries in High Furness nere suppressed at Lhe eon 
rrquesls of the tenants of Hawkihead and Colton, 
lhe lops and cropplngs of these wocxls might be preH 
for the nourishment of their cattle in winter. 
Uoomariei or iron smithies were then leased by C 
topher Sandy, genL and ^Filliam Sawry, who 
twenty pounds annually for the wood they comai 
At theauppteaaion of the bloonifttiea, the tenants du 
themaelTes and theii snccessora with the payment M 
rent, which is called the Bloom Smithy, or Wood M 
and is rated and assessed amongst the custom aty tes 
at the discretion of four-and- twenty of that body, d< 
by a iD^jority of the whole. Since the banning ol 
eighteenth century, the re-tntroiluction of furnaceB 
forges for making iron has advanced the value of i 
considerably, and the tenants have found themei 
improving part of their lands into meadows, and 
aerving their wood for the use of the furnaces." 

In thewritingsofAgricok, published in the year] 
there is no mention made of the blast furnace as k 
to ourselves, although he describes the blast blooD 
and the usual process for obtaining malleable ir 

Pieces of the most fusible iron, he tells us, 
troduced into a large crucible in the hearth of the 1 
furnace, along with a mixture of Hiix and charcoal ; 
action of the bellows was directed so as to produce fiii 
when this was aseeriained, four pieces of bar iron, a 
SOlbg. each, were inserted in the fluid, where they 
mained for five or sis hours, till they had nearly al " 
the melted iron. The masses of malleable iron 
tbnx penetrated, enlarged in size and became soft . 
pasty. The furnace-man then made a trial of eo 
the bars, placing it under a large, or forge, hammer. ' 
cake while yet hot was plunged into cold water, and 
fracture examined to ascertain whether it had beeo 
converted into sleel : if this was not the case, 
fusion became necessary, and the imperfect steel 
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h inaeiWd for a length of d 
an version, 
lether this fusible miKtarewss la the first instance 

iron containing l^ss carbon, it nill 
! contended that it did not become so when 
I contact with flux, iD ■ cracible containing 
i charcoal. Beildei, it is not altogether Jmpro- . 
e pitrtlcular qualities of ore, tinelv reduced 
idded in sparing quantities compared with the mass 
e fiiel (at that time mood charcoal), ware found to 
'n the low aDcient hloomary, what is now so 
illy known to ue under the name of grey cast-iron. 
'e further e;iamination into the history of the 
luctionand use o/ca»(-iron, cannot fail to prove 
eating, 

frtion is made in the works of the 

a Agricola, uf a blast or other furnace, or any pro- 

<rinled out for obtaining cast-iron, yet this BuhBiance 

I to have been known to him, and is described as 

g used for the purpose of converting malieable iron 

is exceedingly probable that, by the means 

t Uast bloomary, it was first called, by accident, 

e, centurEea before the art was discovered of 

, into malleable iron. It might even in the 

, by rasans of large crucibles or clay pots, 

rmed and cast into shape. M. Verlit ssyg, 

n waa known In Holland in the thirteenth 

r, and that stoves were cast from it at Elass, in 

1400. If such was the case, such iron must 

ave been produced in clay pots, or obtained by 

rf a larger furnace than the largest of those used 

it bloomarieB, for the production of malleable iron, 

lality of the caiit-iron, from which stoves were 

O be cast, would require to be carbonated, and to 

* 1 this age we give the name of foundery-iroti. 

nere used by the English at the battle of Cressy, 

i and if stoves were made of cast-iron so early 

i year 1400, the periods approach each other so 

f^y, that a question may be fairly raised whetlier the 



citinon BO employed were made of cant-iron ; a drcuni 
Btance not at all probable, unless they were (brdgn 
casting!) : for tlie lirst iron guns cast in England wo 
i[i 1 Si7, by a person in London of the name of Om) 
who in 1 535 had succeeiled, for ihe first time, in maldli 
guns from bra.is or bronze. Cannon and gunpowiler m 
mentioned in a record of the chamber of Paris accomii 
in 1338, eight years before the battle of Creisy, bnt n 
mention is made as to the nature of the metal of whic 
the former -were composeil. At or about that period, I 
is fair to presume that artillery had become an object I 
considerable importance in the eGtimation of the yitx 
going states of Europe. In the year 1368, there was x 
officer in the French army called the mastfr of the ting' 
cannon. The Venetians used cannon at the ai^e « 
Claudia Jessa in lii66, and when at wor with ihe Gc 
□oese in 1377 ; they were also used by the Turks befol 
Constantinnple in 1394', and at its last and fatal Eieg 
hy Mohammed in 1453. " Fourteen bntlerieSj" ss] 
Gibbon, " thundered at once upon the more accERBJb 
places of that great city." There is no distinct aUuBiOl 
made to the metal of which any of these batterin 
cannon were formed. From the circumetance of t]) 
Turks not being able to £re their early guns more die 
twice a day, it is probahle that these were constructed eS 
staves of wrought iron, bound together by strong hoopa- 
of the same metal, but which, with heavy charges, fi 
quentfy burst in the firing, so aa to require repairs almt 
after every dischat^e. In l4f)S, Jatnes II. of Scotlu 
lost his life before Roxborough Castle by the hurstinj 
of a cannon eimilarly constructed. Not so made, htmw 
e»er, were the other cannon used at the great siege of 
Constantinople, which Gibbon represents is having be 
cast, — a circumetance almost incredible, if the numb« 
and magnitude of the pieces are taken into the account) 
but if correct, conveying to us, in the present day, : 
high opinion of the genius and resources of the conqueror- 
of the Greeks. At a later period. Sully, in his Memoir^ 
S)>eaks of n noble park of artillery he had at the arsenal 



PitIb ; hut M no mention it made of ir 
KWiable to conclnde that ihey were, its well ge ihosr. 
ti at Constantinople, made of a mixture of copper and 
g^ Cttmmonly called bronze. 

Bnttoa, in his History of Birminghain, remarks, that 
n the borders of the parish stanils Aslon furnace, 
(ftoprialed for melting iron-atime, and reducing it to 
"'f, •■ This has the appearance of great ntitiquily. 
SBi the melted ore in thin eublerranean region of 
toll HEpeci, is produced a calx or cinder, of which 
K is an enormoufi Tnountsin." From an attentive 
Tey, the obseryir would auppose eo prodigious a heap 
lid not accumulate in one hundred generations ; how- 
It it shows no perceptible addition in the age of man. 
Mx. Hunter, the !>hef1ield historian, has some pleasing 
li pertinent pasBages on this subject. Having de- 
abed, under tiie ante- Norman period of his work, the 
imnt class of tenantry called Villain, he Bays: — " But 
hoi we consider the mineral riches of tlie districl, we 
a budly hesitale to believe that to these anothtr nu- 
"b to be added. Bede, in the eighth century, 
1 among the mineral productions of this 
; and the remarkable fact, tliat in tbe midst of a 
a the refuse of some ancient bloomary, near 
i found a deposit of Romau coins, seems to 
tw it indlBputable that the iron mines of Yorkshire 
» cxpioreu by its Roman inhabitants. No where 
I the ore present itself more obvloualy, by tinting 
dl in beautiful oebre the beds of the strenmleis in its 
tdlritT ; no where did it lie nearer to the surface ; no 
toe could there be greater Jacihties for subjecting the 
re to the processes necessary to extract from it its metal, 
lan in the forest through which the Don poured its 
at«n. Man^ beds of scoria of the Vind just mentioned 
C fotind in varioua parts of the parish of Sheffitlil, 
here there is now no tradition nor any record of worts 
Km erer having existed. They are found even in the 
k which for many centuries pest has been peculiarly 
ip«ipriale<l to the pleasure of ihe lord. Over moat of 
4 
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them the Boil has so accnimulated as to form » 
crufll, in which treeE of ancient growth a 
momeiit flourisbing. The prohabilities are 
strong, thtt before the Norman invasion^ and tint « 
vhile the Romans had poseesEioii of the island, the b 
niinea of Sheffield aSbrded I'mployment to a conaiden 
number of persons, some tu draw the ore from its k 
others to extract from it the metal, and a third class t 
plowed in fabricating weapons, implements of husband 
or domeatic utensils, 

" The ailenec of Doomsday Book affords i 
tion against the validity of thia conclusion. Miners 
artificers of any class, rarely came under tile notice of 
compilers of that survey. In the lead districts of OeA 
shire, we have no notice of the persons employed 
mining or in smelling the ore, allhongh mention la i 
of the quantity of lead which the owners of aome 
licular manors were to render to the king. Doam« 
must, therefore, be considered as neutral in thia quettil 
and in almost the very next in chronological order of 
records from nhich we obtain our knowledge of theea 
Slate of tliie neighbourhood about the yearllSO, weh) 
notice of pretty extensive iron works established ' 
Eimberworth by the monks of Kirkstesd. 

By what loetiiods precisely our rude forefathers o 
ducted their smelting processes so as to obtain malleal] 
iron, we are not informed ; though, as ina'y presently ) 
shown, the difficulties which they would have to era 
come might be neither so many nor so formidable | 
some persons have imagined. But whether the BritM 
were indebted for their first knowledge of the art 1 
subjecting iron, or merely for their improvement in i " 
ait, to their invaders the Romans, it appears to be 
mitted, that the latter established founderies for tati 
iron, and erected manufactories of spears, battle-ft 
and other implements, in almost every section of 6 
kingdom conveniently adapted for such a trade. I" 
need it be dieeeinblcd, that probably under those a 
a acquired a proficiency in. 




f iron, and thus laid a founJalion for thftt 
•ity which their posterity in after ages has so justly 

' In the fragmeDt of an ingenious Latin poem, bj Dr. 
Dering, dean of Ripan, entitled '^Rdiqurt Eboracenaei," 
Sheffield is feigned, "with due regard to historical 
probability," to have been the place from whitli the 
BrigBDies were suppUed with the arms with which they 
waged war with the invading Romans ; the tndustriom 
.AlliBsna being represented as lianging up before them 
r taken from the foe, sa patterns by which to 
e tbrir own : — 




n btelligent irDn-mmer, to whom the present work 
S many of its details, believes that when the Romana 
in to establish their btoamnrlea, Hallamshire, for to 
lias tbe ilisirict around Sheffield since been named, wai 
one of the first of iheir faotories. 

After the departure of the llomans the arts began to 
ebb : at i>eace for so long a aeries of years, the inhabit- 
ants had itlmost forgotten what war meant ; and, accus- 
tomed to ibe manufacturing of ploughshares and pruning- 
hooks, they might only remember, as things once heard 
lit, the names of arms. Arom^d from this state of 
torpidity by their norlliem nei{:hbourB, they suffered all 
die efftcts of a predatory war before they ventured on 
naiatance ; unarmed and dispirited, they appear to have ■ 
RUnk almogt without a struggle. The frequency of in- 
sult at length aroused their native energy ; but military 
prowess, much leas military accoutrements, cannot be 
nested in a day : hence those armies which formerly 
had made even Romans tremble, were no longer 
terrible to an inferior enemy. Their weapons were 
I'Mdesa from want of exercise, and all their efforts only 
d to extend the ravages of their invaders, by making 
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msnifcBt the feeblenns of the resiEtaticp apposed to t}le( 
Aided, however, by the Saxons, they drove tl 
hordes of Picts again into the north, but BubmitWd': 
lliofie HE maati^ra whom they had invited as allies. ~' 
the ill-faied country, front a kmenlable want of anfl 
mity, had been successively enslaved by the RomaiiB, i 
Picts, and the Saxons — it changed its tyrant, but not 
servitude. 

Mingling by slow degrees, the Saxons and the Biiu 
in time formed but one people. The frequent qua 
of the prineeE of the heptarchy rendered the tnanufactv 
of arms again a work of necessity. The Beiri, suppoi 
ing their prince by a liberal supply of weapons, and 
soldiers hardy enough to use them, seated iheir Edn 
on the throne of Northumbria, and Bupportedhini 
the attacks of the infamous Penda ; and he, in 
encouraged ihe arts of peace. For him the south Ddn 
toe presumed to have tried a new fabric with their in 
for he had a number of iron dishes forged, irhicfa wt 
fastened -with chains beside the various springl ai 
fountains vihich lay on the route genernlly travelled fhi 
one town to another, so that pasEcngera might refVe 
themselves on their journey. Accorrling to local a 
counts, vestiges of these benevolent arrangements hs 
not long since existed in that part of Deira which 
comprehended within the wapentake of Strafforlh i 
Tickhill. 

The Norman conquest again laid waste the coun 
in many districts, especially in the north, where Willis 
met with (he most determined resistance, and f 
whence it Is probable the arms of (he natives were p 
cipally derived. But, wherever may have been seate 
the principal forges of (bat period, it is certain that th 
army of Harold was well supplied with sworda n 
spears, and defenwve armour ; and, moreover, thai 
considerable degree of expertness had been acquired i 
the fabrication of articles from ihe anvil. One of o 
historians observes, that immediafely preceding the co; 
quest " the art of working in iron and steel had arisi 



ESPECT ANCIENTLY PAID TO EMITDg. 97 

Kwch a state of improvement, tbst evea the horECs of 

Tne of the chief knights and barons were covereil with 

|el aod iron armour. Artificers, who wrought in iron, 

: BO highly regarded in those warlike times, that 

DiilitAry ofiicer had his smith, who constantly at- 

d his person to keep his arms and armonr in order. 

e chief emith was an officer of considerable dignity 

le court of the Anglo-Saxon and Welsh kings, where 

■n^oyed many privileges, and hia weregeld was much 

'«r than that of any other artificer. In the Welsh 

t the Icing's smith aat next to the domestic chaplain, 

IS endtled to a draught of every kind of liquor 

la brought into the hall : " a ])rivlTe>ie which many 

ificera of his class in our own day will not be disposed 

IDake light of I 

Utbough so conddcrable a degree of perfection ap- 
o have been atlaineil at a very early period in the 
of iron, and even of steel, the art of casting 
n sand from the metal in its crude stale seems 
e been either unknown or not at all practised till 
JDn^araCively recent period ; unlees, indeed, we may 
- iwed to imagine, with the old poet, that the pri- 
BTe artificer, seeing the liquid metal run from his fur- 



e heaps of scoria are fdhnd in many parti of 
Uld known as the Sanet' Cinders, which would 
IT to refer to smelting operations carried on by (he 
Dei). In 16^0, oaks of a large size were growing 
e dndera ; they must therefore be referred to an 
Kj date. Dudley informs us, that in l6l 5 there were 
a Uut-furnaces at work, producing 1 tKJ.DOO tons of 
L requiring 1+4,000 tons of charcoal, for which 
3)0,000 cubic feet of timber were necessary, and 
_ id iron mills for refining were said to be 
work. The following extract from Dud Dudley's 
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Metailum Martis, printed ]6*6'5, ie a carious record a 
the introduction of coal for gmelling iron. 

"That Great Britdsti with her men of w 
and ahiping, have had in alt agea, and in these latti 
ftges, SB great euccc^ at seas as any people n' 
in the universe, cannot modestly be denied ; in 
throwing that invincihle armnda so long a preparing] 
and since, other navies also ; and whose amiadoes, nario^ 
armeea, and men, have been a terrour to other nationi} 
nay, her own granc) mai^aiineB are the very granary front 
whence all His Saired Majestie's kingdomea, donunion^ 
and territories, both in the Eaat and VV^est lndie«, a 
this side and beyond the line, they have their whole «a 
thorow supply of shiping, men, annea, food, and ray 
ment, and more than can be from any kingdom of th 
Christian world. Now if wood and timber fdiDtili 
decay still, and fail, the greatest strength of Grei 
Brittian, her ships, mariners, merchants, fishings, an 
His M^estye's predecessors, Queen Elizabeth and bi 
great council, the then parliament, to make lawei for 
the preservation of wood and timber, especially ni 
navigable river; 1 Elii. 15.; 27 Eliz. Jfl.; 2: 
S. 5. ; 23 Eliz. 5. All which laws, and otliera, for t1 
preservation of wood and timber, are still in force, b 
not duly executed ; also King James, his Sacred M% 
jesUe's grand-father, and Prince Henry, for the preB 
vation of wood and timber in this island, did, in I 
ninth year of his reign, grant his letters patients of pri 
viledge unto Simon Slurterant, Esq. for thirty-one yean 
for the making of iron with pit-cole and sea-cole, fcM 
the preservation of wood and timber of Great Britciai 
ao greatly then consumed by ironworks. This iavei 
tion was, by King James's command, to be at large pi 
in print, which book did contain near a quire 
in quarto, called Simon Sturlevant, his Metallica, anni/ 
I6l2, May 22, printed by George Eld, cum privilegio. 
After Bimon Sturtevant could not perform his making 
of iron with pit-cole or sea-cole according unto his en- 
gagement, King James and Prince Henry caused hint' 
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Older up bis paltent, and a. new pattent wsi grinted 
) John ItaveDBon, Esq., nho sIko was eiijofDed to 
6 a Imok of }di inventions, railed Kavenson'a Me- 
I'rlDted for Thamaa Thorp, cum pHvilegio ; 
Mh^ 15, anna l6l3. 

''After John Ravenson, Esq , had often failed wiih his 
« anil great undertakingfi, — Gambleton, Esq., 
Bmvant of Queen Ann's, undertook (by pattent) to 
lion of making of iron with pit'cole 
S ieB-«ole ; but he being as confldent of hia invention 
H othern, did erect hia works at Lambeth, which the 
mihor vitfved ; and Gambleton faiUog, ttie learned and 
inf;enioU8 DohAot Jorden, of Bath, the author's acquain- 
tlnce.Rnd sundry others, obtained paltetils for the making 
«f iron, and melting of mines with pit-cole and sea-cole, 
for the preservalion of wood and timber; all which in- 
ventions and endeavours to effect and perfect the said 
works have been by many heretofore well known to 
bve worthily attempted the said invention, thoogh with 
^idese suGcess. Having seen many of their failings, 
I held it my duly to endeavour, if it were poitsible, to 
dbet Bttd perfect so laudable and beneticial, and also so 
touch desired inventions, as the making of iron into cast 
VDrkcand bUrg; and alsothemelting. extracting, refining, 
and reducing all aorta of minea^ minerals, and tnetala, 
_ iri th pit-cole, sea-cole, peat, and turf, for the preservation 
^^^F wood and timber so much exhausted by iron works 
^HFlate. Having former knowledge and delight in iron 
^^Mrka of my father's when I was hut a youth, after- 
^^Kirda at W years oM was I fetched from Oxford, then 
■ of Bafliol Colledge, anno l6i9> 'o look and nianage 
itiree iron works of my father's, one fumBce, and two 
es, in the chase of Pensuet, in Woicester-shire ; but 
d and eharcote growing then scant, and pit-coles in 
It ^untitieB abounding near die furnace, did induce 
% to tiur my furnace, and to attempt, by ray new in- 
Bjthe making of iron with pit-cole, assuring myaelf, 
my' invention, the loss to me could not he greater than 
great, although my success should prove 
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fruideas; butlfounilsuch successatdrtt tiyalai 
ma, for at m^ tryal or blast I made iioD to ptO 
pit-cole, and found fscere est sddere inve 
I had mule a second blast and tryal, the fesibilitf q 
making iron with pit-cole and sea-cole. I fonnd by s ~ 
new invendon the quality to be good and profitable, 1 
the qiuntily did not exceed above three tuns per we 
After I had brought my invention unto some perfectiOV] 
and profitable, doubted not in tbe future to have advuieej 
roy invention to make quantity bIeo. Immediately aftel 
roy Becond tryal, I wrote unto my father what I bu 
done, and withall desired him to obtain a pattent for it, 
fiomKingJamesof blessed mcmnry; theanawerto whidi 
letter 1 shall insert, only to show the forwardness o 
King James in this his much animating the inventor, u 
be did both Simon Sturcevant, Jolin HavenBon, Doctor 
Jordanie, and others. 

'"Son Dudley, 
"'The King's Majesty being at New-market, 1 
ParkcB tbidier on Saturday to some friends of mil 
move the King's Majesty for tny patient, which be 
coining on Sunday morning ; in the afternoon. His 
Majeaty sent a warrant lo Master Atiumej to dispatdi 
my patient, for tbe which I am inlinitely bound unto 
Hia Mjgeety, that pleased him of his great grace and 
favotir to dis|iatcli it so soon. I have been this night 
with Maater Alturuey, who will make hast for me. God 
biess you ; and commend me lo all my friends. 

" ' Your loving father, 

EnwAHD Dddlet. 



"'March 10, 1619." 

As is usual with all ne 
suflbred much fri.in '^■• 
following addiiioL, ' 

"AftaWlgds tin: .jiili" 



T introductione, Dud Dudley's 

-iiir^i.-— of the times, as the 
■'■■'• Metallum Mar- 

t..,h; iL.i.il of his works and 
• itvn-mnslera 
i Jet being 



BXPEHIMKHTB W ftSIBI.riVO. 31 

(having undergone mnch cliar^ 
s thereio) should fill Id ihe ground, and be 
taim, made him Ici tet forwunl his invention 
a furnace called UiniLey Kuma 
of Stafford, where he made much iron with pit- 
wajiting a forge to make it into bars, 
for wint of Block to sell the pig-iron 
iron-masleiB, who did him much prejudice, 
f in delmning bis stock, but also diaparsging 
n ; Himle; Furnace being rented out unto 
; iron-masters. The author erected a new large 
on purpose, 27 feet square, all of stone, for his 
cnlion, at a place called Masco Bridge, in the 
ipf Sedgley, and county of Siaflbrd ; the bellows 
1i furnace were larger than ordinary bellows are, 
h. work he made 7 tuna of iron per week, the 
quantity of pll-cole iron that ever yet was made 
t Britttsn ; near which furnace the author dis- 
many uew cole-mines 10 yards thick, and iron- 
nder it, according lo other cole-works ; which 
rlts, being brought unto perfection, the author 
£srce thrown out of them^ and the bellows of 
ion by riotous persona cut in 
to his no tmall prejudice, and loss of his iiiTen- 
tnaking of iron with pit-cote, aea-cole, &e. So 
ih lawsuites and riots wearied and dla- 
prosecute bis art and invention at present, even 
le first pattern was extinct, notwithstanding, the 
bii sad sufferings, impriBonments wrongfully 
nl thousand pound in the Counter, in London, 
obuine ■ new patCent, dated the 2nd of May, 
4 Caroli Primi of ever blessed memory, not 
Itbe making of iron into cast-works and bars, 
I tat the melting, extracting, refining, and le- 
gtlU mines, minerals, and metals with pit-cole, 
(.pOiE, and turf, for the preservation of wood 
ttn of this island ; into which patient the 
HE the better support and management of hia 
itfy K much opposed formerly al the Court, at 



1 

I 



the Parliament, and at the law, tonic in David Ranuc; 
Kaquire, rcMdent at the Court ; Sir George ilonej, i 
the Parliament; Roger FouIIjCj Esquire, a eouiuellorl 
the Temple, and an ingenious man ; and alao m Jm 
master, my neighbour, and one who did well know ti 
former sufferings, and what 1 had done in the-invH 
lion of making of iron with pit-cole, &c. All wMl 
said pattentees articled, the Ilth of June following, d 
grant not only to pay the author all the chargea i 
passing the pattent laid down by him, but al»o to l%j I 
for a common and joynt stock, each man of the foui, <n 
hundred pounds, and so from time to time what urn 
stock any three of the pattentees ^honld think fit to 1 
laid in for the making of iron into cast-worka and bu 
anil likewise for the melting, extracting, refining, an 
reducing of all mines, minerals, and metals, with ^ 
cole, sea-cole, peat, and turf, which articles are -yl 

The history of smelting iron with pit-coal forms i 
important a section in the history of our metal n 
facture, that it is thought advisable to add some fuitfai 
particulars to this chapter. 

Pit-coal had been long known. It was wrought ' 
Newcastle prior to the year 1972, Annually ' 
quantities of it were exported to Holland and the Lon^ 
Countries, for the uee of the Bmiihy, and other n 
factures requiring an intense and conlinued heat. TeT' 
in England prejudices ran so strong against its applica 
tion to the manufacturing of cast or malleable iron, Alt^ 
the projectors of this useful undertaking met with evei^ 
obstacle which the narrow, unenlightened minds of me 
established manufacturers could devise. 

James granted several patents for the exclusive Jl^li^ 
of manufacturing iron with plt.poal. None of the pra>-'< 
jectora, however, were succerisful till 16)9, when Du^ 
ley BucceiMled in making coke pig-iron, though only m- 
the sparing rate of three tons per week. By this ttm* 
many of the iron-works were at a siaiid f 
wood ; the consequence was an advance on the price (N 
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; this, therefore, reii<!ered it a lucrative buBiness to 
• mannractureia whose supplf of wood was stiL 
dimiDisbeil, and of courie rnade tliem hostile to any 
ation whereby the price of iron was likely to meet 
a i«duction. 

liB period of prqudice, to unfavourable to innovation 

n business, was followed by one more general 

calamitous for the natjon. Amidst the dislrac- 

ioned by civil war, neither innovation nor im- 

t could be expected. PatentSj however, were 

D some during the Commonwesltli, for the ei- 

»\9e manufacture of iron in tlie new way, in one of 

h Cromwell was a partner. These partly shared the 

re fdle as did their predecessors, and none succeeded in 

iatdishing > manufactory either of extent or of certainty, 

e find Dudley applying for his last patent, 

1 aetting forth, that at one lime he was capable of 

sdndng seven tons of coke pig-iron weekly, with an 

Ted furnace twenty-seven feet aquare, and bellows 

one man could work for an hour without being 

tired. It was not till impelled by necessity by the 

1 decline of the annual growth of timber, that pit- 

1 became an object of universal ealimation. When 

e improvements on machinery had attained a pitch of 

', and experience had taught the mechanic the 

oifold advantages to be derived from the steam- 

' industry and enterprise began to tbink 

t extending the manufactures of the country in iron 

" 'i pit-coal. Small fomsces supplied with air from 

:.-3 bellows, worked by oxen, horses, or human 

f, became exploded, and an increase of size took 

!, together with an increase of the column of blast 

•try to excite combustion. But as it seldom hap- 

", ibu to the advantage of having pit-coal, ores, 

ealone concentrated in one spot, water also was 

t became necessary to form a substitute. For 

rpose, the steam-engine, that superhuman in- 

was applied. Rude and unpolished no doubt 

■ early designs and eiecutioc — rapid, however. 



have been it?t improvemeiila ; and at the jiresenl time, 
latay it is believeil to have arrived at th(> highest pi 
sible pilch of human perfection. tV'ith the impro^ 
mentB in machinery the advancement in llie prartiee 
insnu factoring coke pig-iron kept ptce ; and it a i» 
B certain truth, that with pit-coal in our time we pi 
duce a quality of pip;-iron sujierior for every purpose 
the arts (bar-iron making excepttd) to that at any til 
made witb charcoal of wood, aud in the fallowiag i 
creased proportion : — 
Average anaual produce of a chsrcoal rmnnce 

1 SO years Dgo . - . . 6CO R 

Some furnaew in England on on aiera^ now 

prnduco 40 tons per WE-ek . - . fi,060 

ValueoflhefbriiKirwhcomanurBClunid.GtperCoo S,GOOC 
" ' G of Ihc lattLT on an average uf the ijuali 



s, 6i 10.. 



- 13,5! 



By comparing the value of pig and bar-iron 
present with what it sold for 230 years nf-o, on ■ 
curale notion may be formed of the IncreaEed price 
labour and materials attaclied to iron-work. 



About the year 1G20 ehareoHl pip-iron sold far 

In tbe year 1 732 caiboDated pig-iioa sold for 

In the year 179)< „ .. 

Cote pig-irnn when invented sold for 

In the year 1793 melting pig-iron sold fur 

Iniheyi 



ablei 



iBTeoal Bold for 



1 (1630) . 



.. in 1798 for - . - 2 

The modern pricea wiU be found in a future page. 
For many of these particulars we are indebted to tl 
valuable papera published in the " Philosophical Rlag 
zine" by Mr, David Mushet, and afterwards reprinK 
under the title of " Papers on Iron and Steel." To tl 
uniG authority are we indebted for the additional a 
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" The opinion nbich I had formed when the text wi 

fint printed, in favour of the blast-furnace for Cheproduc 

tioa of ca^t or ptg-itun, being »n English ii 

rince that period been corroborated by various < 

The fact of Owen caaiing iron guna ii 

indicate a knowledge of the re-melting of ir 

considerable confirmation of the \itt 

fiimace, and of its productions in the shape of 
CUdDgs of various sorts, ■ great variety of which would 
moEt hLely be fiist fabricated before commencing upon 
peceg of ordnance. It is fair also to preBume, that pig- 
would be well koown, and applied for the purpoee 
miliiDg bar-iron long before it became a staple article 
^ tnauipulations of the foundery. From documenta 
tdi have lince come into my poasession, I am not now 
's so early a period as is assigned in the text 
introduction of the blast-furnace into the forest 
; and although the furnace, the age of which is 
lin roughly inferred, from the accumulation of 
may be considered as amongst the first, if not 
very first, erected in tliat neiglibourhood, yet it 
Wgftt to be coniiidered of more recent introduction than 
Was at firat inferred. The calculation of age which pro- 
ceeded upon the asiumption of a certain weight of cinder 
b«ng obtained in the proiiuclion of a given weight of 
iron, and which with a rich ore may be correct ; yel 
OD further consideration of the subject, and lalung into 
account the calcareous nature of the iron ores of Dean 
fiirest, requiring a considerable portion of argillaceoua 
«diist to neutraLse the lime, it is more than probable, 
that the furnace would necessarily, from this circum- 
fitince and from the inferior produce of the ores, pro- 
duce fully as much cinder as pig-iron ; and that in 
[iUce of only being one half the weight, it probably 
would be of equal weight wiih the iron. Taking the 
odculatioD in this way, we should not reach an older 



period than the com men cement of the wvei 
for the iniroJuction of (he blaat-fumace ir 
As a proof that pig or cast-iron was mt 
antecedent to this period, we have not only the fact < 
guns being cast from it in ISiT, and moriars and otbl 
artillery during the reign of queen Elizalieth, but 
happen to have, through the kindness of niy friend It 
Hill, of the Plyinoutli Iron-works, in my possesaion 
perfect casting, on vrhich are inscrilied the arms of Sit 
land with the initials E. R., and bearing dale I5i 
being the last year of tlie reign of Edward VI. 
is no clue to its history or hoi 
of Mr. Hill, hut it has evidently been used as a 
plate to a very large grate or fire-place, as there has be 
on its lower edge a coiisiderable action by fire. Tin 
are (he remains of a charcoal furnace on the west side 
(Jie river Taffe, opposite to the Plymouth Iron.worl 
where probably this casting was made, and at onee r 
from the blast-furnace, though it is difficult to accou 
for its having upon it the arms of England, as bef( 
mentioned. At one time I was inclined, from this c 
cumstance, to coneider it as a relic that had been cast 
one of the king's furnaces in Dean forest, and wbil 
afterwards had been carried into Glamorganshire; t 
I am now satisfied, from its early date, that this could n 
have been the case, and that it is far more probable it M 
cast at the before-mentioned furnace, which was situaC 
about two miles below Merthyr Tydvil, where either d 
kings of England had in that age possessions, or tl 
proprietor enjoyed a license under one of the great IB 
nopolies generally held by the nobility, and common 
that age, on the condition of affixing the royal arms 
the productions of his foundery. The quality of the ir( 
from which (his casting is made, is what in ihe preie 
time would be called strong forge iron, mottled towail 
the edge, which gives hardness and great strength. 

"The king's faTr!ar,ea in thu forest of Deanehim p 
ticulni attention as itlngtrating a period when the kii^ 
of England were iron-raaBtera, or at least lessors of w" 



Ktearlj period were conEJdered extenEite iron-worka, 
^ularly in ihe foreet of Dean. 

From a Enrvey maiJe and ilat^d the 23rd of Septem* 
t 1635, it appears, that the kings of England stood 
pMBeased of three blaEt^fumaceB and two iron forges 
within the forest. From having had an opportunity of 
examining, about twenty-tiTe years agn, the hearths of 
eaeofiliese fumacw, at that time discovered underacon- 
■Mlerable thickness of soil, 1 was led lo conclude, from the 
mullness of the dimensiona, that these furnaces belonged 
to the first or early clasa alludeci lo in the text. Their 
names are as follow; — Parkend blast-furnace, Cannop 
Uaat-fuman^ Sowdley blast-futuace, Parkend forge, and 
Sowdley forge. 

"In the survey junt alluded to, these furnaces are 
•ometimes called forges, from the circuniEtance of this 
being tbe term given to iron-works previously to the ia- 
veation of the blsst-fumace, where, at the bloomaries, 
tnalleable iron only was made, and where the operation 
of the hammer was hourly required, to give solidity and 
Ibrtn to the manufactured iron. All these furnaces seem 
to have been planted upon the lites of exleneive bloomary 
;, which for many years afterwards fumiiihed 
ipliea of cinder to mix with the native ore in 
i-Uast-fumace, for the production of pig-iron. At 
It precise period the king's furnaces were erected does 
I appear ; but from an old record we are informed, 
- " a I., in 1622, demised all his iron-works in 
It to two persons, of llie names of Harris and 
er, for a period of twenty-one years, in which it 
Mb agreed, that the miners of tbe forest should furnish 
tbe king's furnaces, as they were called, with die neces* 
Miy wippliea of iron ore for the furnaces at the same 
ame terms, which they had been fot- 
iupply the icon-works of the kin((. 
I to the above demiee, and in the return of Bir 
n Coke and others to a cominiBrion issued out of 
6l7, to inquire into the afffurs of 
ex[ireB9ly stated, that hia majettf 



James I. had- since tbe erection of tbe iron-norki, i 
the new furnaces for makiisg pig-ironi received a great 
revenue than formerly ; leaving it to he inferred, (1 
Uiese furnaces had been first erected in that reign, a 
had been found more proHtiible than the bloomari 
That the blast-furnaces had been already erected in 1 
ninifi of James, is made i^viiltnt from a patent gnnl 
to the earl of Pembroke of all tlie king's irun-worloi 
the foreEt, including the iron ore, and corwood b> m 
ehareoal, fur the annual sum of 3iH5l. 6t. Sd^ ■ « 
large rent in those days, when the value of tnone^ 
that period is taken into con«ideration, and could on 
have arisen from the high expectations at that time e 
tertained from making iron in the new way. It won 
appear, from the eame 'document, that tht lessee, dett 
mined to make the moEt of hia bargain, wished la lu 
confined the whale of the mining operalions iu the fw 
to the supjily of the furnaces which be rented under t 
king, and to have prevented the miners from rairyi; 
the iron ore and cinders elsewhere, which probablj ! 
found it difficult to do, as other furnaces were dtl 
erected, or being erected, in the purlieus of the fan 
the proprietors of wbji^h naturally became oompetitc 
in the mine market for a supply of ore for iheir fuTna« 
An information was, therefore, lodged by his lordship 
the Exchequer against Eeveral of tlie miners on t* ' 
. count, and a decree obtained, that in conai deration 
I the high rent paid by Ijis majeaty's farmer. Lord Pel 
broke, the miners should be allowed to continue Ou 
labours, but on the condition of carrying the iron a 
and cinders to bis majesty's forge, i.e. blast-furoao 
The mention of cinders in this decree is at once a pre 
oftheeiistencenf the bhiat-furnace in 1012, where thi 
could only he smelted to any advantage. It iloea n 
appear for what reason the demise between the ctm 
and the earl of Tembrofce terminated, or what led to t 
new demise Jn favour of Harris and Chaloner, wbeA 
from the higbneES of the rent, or whether from the tl 
fractory disposition of the miners, relying upon t " 
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caatadaed their tncient rights, which to ft consi- 
t icema lo have left them an open marliet 
the produce of their mines; ami tluR infty be gathered 
IB their book of old custom):. In these tin allusion 
niade to ihe king's iron-works, but only lo th«t share 
ihe niinei with them to ivhich they considered ihe 
)g Qititleil, and probably froni which source the royal 
nueea derived the principal part of their supply of 

Hie following accounts of the present condition of 
t iron-works of the United Kingdom, are taken from 
t very valuable communication of Atr. ». H. Black- 
Sl of Dudley, to the Illkistiated Catalogue of the 
Kkt Exhibition. 

"The gross annual production of iron in Great Bri- 
b. is now upwardB of 2,350,000 tons. Of this quan- 
ySouth Wales furnishes 700,000tona; South Staf- 
tdshire (incluiiing Worcestershire) GOO.OOO tona; 
' Scotland €00,000 tons. The remainder is divided 
ngBt the various smaller districts. One of the 
incipal causes of the advantages poBEessed by Great 
dtain in the manufacture of iron, arises from the 
inib« and variety of the measures of argillaceous and 
tck-band ironstones, which alternate with the beila 
cod ia almost all its coal-H^lds ; and in consequencs 
which, the same localittei, and, in many instances, 
■ame mineral workings, frequently furnish both the 
and the fuel requireil to stnelt it. So extensive are 
Iroiiitone beds of the coal measures, that they 
mitfa in ihemtelves the greater part of the iron pro- 
iCed in Great Britain ; but the iron-making resources 
the kingdom are by no means confined lo them. 
be carboniferous, or mountain limestmics of Lanca- 
ire, Cumberland, Durham, the forest of Dean, Der- 
dliie, SoroerBetahite, and S'lUlh Wnlis, all furnish 
beds and veins of hiematile; those of Sdver- 
Whitehaven, and the forest of Dean are the 
[lensively worked, and seem to he almost ex- 
The brown heematites and white carbonates 
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of Alston Moor anil Weanlale nlso exnt in such ]: 
mitsseB that ibey must ultimately become of great iin 
portfluee. In the older rocJcs of Devon or Comwa] 
Bie found many important veins of black htcmatiM 
and in the granite of Dartmoor numerous v 
magnetic oxide and tpeeular iron ore. The e 
Mndstone furnishes, in its lowest measures, beds of hB 
matilic conglomerate. In the Uss and oolites a 
porlanE beds of argillaceous 

extensively worked ; and tlie iron ores of the ^ 
sand of Sussex, once the soat of a considerable roann 
facture of iron, will, in all probability, again I 
available, by means of the facilities of railway c< 
nicaiion. The produce of the manufacture of iro 
Great Britain in 17S0, was only about 30,000 torn 
in 1800, it had increased to 180,000 tons; in IE ' 
to 600,000 tone; in the following year the duties n 
the introduction of foreign iron were either removed a 
rendered nominal, since which the produc 
has nearly quadrupled iuelf, being now about 3,2S0,OOC 



North SlafTorclihire - 
South SmRordihiie - 
Yorkshire, Donh diilrist 

soutb diitriet - 
Derbyshire . - . 

Northumlicrland. Cumberland, a 
Lancsshire lud West Cumberlir 
Forest of Dean 



r, either in the state into which it i» firet reduced b; 
i, previously lo its conversion to the condition of mal- 
iluUljr, or as it is used for the casting of large orlielea 
■ moulded sand, is called aou: metal or piy metal, epi- 
s originsting with the furnace-men, and referring to 
le Uocki as thef may have been ruti in tlie main or 
le coDaleral gutters, tlie former being called sown, and 
ir pigs, respectively : the material is in each sort 
e, being in fact the metal in its simplest avail- 
e ttate, immediately on its running from the ore. 

e earliest operitions of Bmelting in this, as in othe. 
Ultries, would, we may suppose, be extremely simple, 
cording to the hypothesis before mentioned, the put- 
k quantity of ore upon a htap of wood, and setting 
IB pQe on fire, in conformity to the manner in which 
!S are presumed to have heea melted during the burn- 
g of forests, was, it may be conjectured, the first rude 
I by which metals were extracted. But as the 
fire is greatly diminished when the flame is 
d to expand itself, and as the air acts more vio- 
' 1 exciting to a fierce heat when it rushes opon 
with greater velocity, — a pheuomenan too ob- 
o be neglected even by birbsrians, — it la liliely 
e heap of wood, or charcoal, would soo 
d with a wall of stone, in which sufficient open- 



inc* would be left for tlie entrance of the 
& kind of furnace would be conatructed. The Peruvian 
we are told, had discovered the art of Brnelting sUve 
either by the simple application of Are, or, where the<a 
WIS mtire BtLibbora and impregnated witli foreign n 
Btinces, by (ilacing it in small ovens, or furnBCH, - 
ht|l[h grounds, bo artificially constructed, that the drang 
of air performed ihe functions of a pair of bellowBj— 
machine with ivhich they were unacquainted. Tbe n 
of the bellows was certainly known in En|;!and it ave 
early period, though the precipe era of their introductii 
is nol ascertained. A rude contrivance, answering t 
purpose well enough, is constructed by the HotWntol 
themselves, who have long understood the melhodi 
smelting both iron and copper, — a knowledge of whld 
they might have acquired from the Dutch settlers. 1'fai ' 
furnaces are ilescribed as of a conical form, and built fl 
clay, whietl becomes almoEt as hard as stone, 
opening is left at the top for receiving the o' 
derneath a space for the fire : the pile is open befor 
and behind, not only for admitting the fuel, but the 0| 
fiiiion of the rude bellows, consisting of a skin bag d 
tended and compressed by the hands. 

The heaps of cinders found in various parti of thl 
kingilom, especially in Yorkshire, Indicate unequivocallj 
the situations of ancient bloomariea. These are me 
with as well in the valleys as on the hills : the lattei 
however, have been supposed to belong to the earlle 
works, and to a period anterior to the knowledge of bi ' 
lows. Tliis has been partly inferred from tlie remar 
able fact, that the cinilcrs found on elevated spots almtn 
iuvariably contain a large quantity of metal ; the ore, 
account of the hiefficiency of tile mere air draught, i 
having been thoroughly reduced. On the other handj 
(he slag found in low situations, where it is presumed' 
the furnaces were worked after the introduction of bel- 
lows, is in most cases so completely exhausted, i 
be worth the trouble of re-smelting, even with modeni 
machinery. 
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e Bixteenlb century the pmreas, according to all 

1, was not many degrees advanced, with the ex- 

D of the bellows anil a beltrr coiistracled furnace, 

Wd the primitive practice. What it was in 1674, 

n from the following extract from an account 

ner of making iron at CuckAeld, in SuEsex ; 

ten by tlial observant naluralist and philo- 

r, John Ray, F.R.S.: — 

mine" (ore) lies sometimea deeper, some- 
m Aaltower in the earth, from four faet to forty, and 



gentle. 



" There are several si 



.sof n 



r, otherwise tlicy 



LK difierant sorts of mine together 
melt to advantage. 

brought in, they take smaU cole 

i), and lay a row of small cnle, and upon it a 

line, and so alternately, stratum euper ttrattim, 

another, and setting the coles on fire, tllere- 

I the mine. The u^e of this burning is to 

it, that BO it may be broke in small pieces ; 

, if it should be put into the furnace as it comes 

: earth, it would not melt, but come away whole. 

* also must be taken thut it be not loo much 

for then it will tooji, i. e. melt and run together 

Bs. After it is burnt, ttiey beat it into smHll 

th an iron sledge, ami then put it into the fur. 

lieh is before charged with coles), casting it 

lop of the coles, wheie it melts and falls into 

th in the space of about Vl hours, more or less, 



e hearth or bottom of the furnace is made of a 
I, and the sides round, to the height of a yard, 
eabont ; the rest of the furnace is lined up to the 

f When they bepiin upon a new furnace, they ptit fire 
a day or two, before they begin to blow : ihey lliea 






blow gently, «nJ increaie, by degrees, till they Cora 
the heiglil, in ten weeks or more. 

" Every lix days they call ifounday, in which B 
they make eight Ions of iron ; if you divide the wl 
sum of iron made hy the founday, for at first thej ni 
leaa in a founday, at lost more. 

" The hearth, hy the force of the fire contin««lli 
blown, grows wider and wider : 

ttuns so much as wit] make a sow of GOQ or 700 ponndl 
weight, at last it will contain so much as will make i 
Mw of 3000 pounds. The lesser pieces of 1000 p 
or under, they call pigs. 

'' Of twenty-four loads of coles, they expect eight toa 
of sows ; to every load of cole», which consists of elemt 
quarters, ihey put a load of mine, which contains ugb* 
teen buehL'ls. 

" A hearth ordinarily, if made of good atone, will lait 
forty foundays ; that is, forty weeks, during which time 
the fite ia never let go out. They never blow twice 
upon one hearth, (liough tliey go upon it not above five 
or six foundays. 

" The cinder, like bcui 
in the hearth, and U let 

Sussex, previously to the use of pit-coal in smelting 
was one of the principal sources from which English troQ 
was drawn ; at present, the smelting in that county h 
totally declined, as old Evelyn predicted it wouldj 
consequence of the wasting of the forests. The co 
sumption of charcoal for the smelting of iron has bo 
one chief cauee of the great destruction of our ancie 
woods, Evelyn has beautifully observed, that " Nftttin 
has thought fit to produce this wasting ore more plenll*' 
fiilly in woodlands than any other ground, and to enrich 
our forests to their own destruction : " to which he else- 
where adds hia " Diris, a deep execration of iron mills, 
and iron-masters also, qitoii ego — " " How would li« 
have rejoiced," exclaims Mr. Hunter, " to have witnessed 
the day when tlie coke of pit-coal became substituted fo£' 



■cbaicoal in this conHumini^ process ! " Tlie sylrin 
^ty of Sussex, iadeeil, appears to have been cliartered 
Bipedal spoliatioD ; for, by the act of Ut □(' queen 
inbeth, ohap. 15., it is enacted, that no oak, bt«ch, 
cb timber, of the breadth of one foot square nt the 
I, dtsU be cut down to be converted to charcoal for 
in aaj parts of the kingdoms of England 
BWaleB, except in the county of Sussex, in the weald 
Kent, and certain other parishes in the latter county. 
It WAS the introduction of charred pit-coal, or coke. 
It not only arrested the destruction of our forests, hut 
■ anew the foundation of our present extensive manu- 
lloriee of native iron. Up to the last -mentioned period, 
1 furnaces were generally made use of, atiil these 
!, aa already observed, heated with charcoal in the 
as is still practised in many places on the 
Continent. So long as England abounded with wood, 
; process was carried on to considerahie advantage ; 
: find that the manufacture of iron was in a 
g condition in the reign of James 1.: but, from 
, the increase of inhabttanis and of cultivation, 
d the subsequent decrease of wood, caused this busi- 
} decline so greatly as ID be nearly lust, until the 
mbstituiion of coal reaiored to our country this im- 
portant trade. 

A few words on the iron-making localities appear 
necessary. 

The iron ores obtained from the extensive district of 
Boulfa Wales are principally argillaceous, and these are 
found in connection with thebedi, of coal in this division, 
which are on the eastern side entirely bituminous. In 
the eastern outcrop of the South Wales coal-field there 
■re, however, found some beds of black-hand or carbo- 
naceous ironstone. In the central portion, on which are 
(ituated the Cwm Avon and otlier extensive works, occur 
tome of the most important beds of bUck-band ironstone 
OGOurring in Bouth Wales. 

Passing to the western district, we find the coal con* 
Wted gradually and at length entirely into anthracite, 
|1 all the beds of iron ore bear the appearance of having 
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been subjected to an exceedingly high temp* 
which, without doubt, ihe bitumiDous cold 1 
changed into anthracite. The annual protluetlf^ 
on the Boutheni outcrop of the South. WeliJi 't 
h about ^5,000 tons. 

Ill North Wales the produc 
a smslt district, the only works l>eing tliose of Rbui 
and Rrymbo. 

Sliropshire proilucea about 90,000 tons of iron 
nually ; the ironstones beinp; in nearly all reap 
similiir to those used in South Staffordshire. The un 
proiluction of iron in South Staffcrdshice and Wonetb 
shire is nearly 600,000 tons. This is considered o 
the moat important iron-making dintricts in the king 
The produetiou of pig-iron in Scotland is equal to it 
but the quantity of wrought iron made in StafibrdAil 
is far superior to that of Scotland. 

The North Staffordshire coal-field contains 
number of beds of ironEtone tlian any other ; 
tlie ores are, however, sent to South Staffordshire to i 
smelted, the district therefore producing only SSfii 
tons of iron annually from ite tliirteen furn 
Yorkshire produces annually 55,000 toi 
very superior quality in its northern dtvia' 
20,000 Ions in its southern division. 

Derbyshire produces about 60,000 tons a year, Nmi 
thumberland and the northern adjoi 
ing an annual production of S^.^OO tuns. The wtfll 
in this district are very rapidly increasing in importM 
the co.1t of fuel being so low aa to permit ores tc 
brought from many different localities. The black-b 
inmslonea of Scollaml, and of llaydon Bridge, 
white carbonatea and llie brown ha;matjtes of Ala 
and VVeardale, and the argillaceous ironstones of t 
lias formations of tVhithy and Middlesboruugh, axe : 
used to supply these works. 

The brown htemalilea of this district are more ii 
portanl ; they contain from 20 to 40 per cent, of in 
Sometimes these ores esist as " riders " to the lea 
; they exist in mass, atlalning « 



I W'on^ly to ii>e thicknesa of ttoia iwenlj' to fifiy 

.tit. 

Lincaahire and West Cumberland are remarksble for 
Itnnfacnire of charcoal iron, at Ulveratone ; otber- 
ihe works are not of aii)> consiilcrable importance. 
reBofWhilfliaven, Diversions, and Fumesa are 
Ltensively for Eliipment to the iron-works of 
■ Vorhliire. Sufiurilsliirp, and Wales. The; are the 
I Shk iron ores of the kingdom, and yield from 60 to 



iss 



pere. 



t. of ii 



of Dean forest are carboniferoua, ot tnoun- 
limestone ores, and from these there are {ifoduced 
b^ nneltinj;, in the forest, about SO.OOO tt.ni : a lai^ 
^■nlity of ore is, however, sent to Souih Wnles. 

""' ' of Dartmoor, and the mag- 

oxidet of iron, are only juat beginning to attract 
utentioQ. 

Bcmalile conglomerales are found extending over a 
hxgt portion of Gloucesterehire, Somersetshire, and 
Doon. Poriions of tbeni are now worked and sent to 
jtcinth TVnles. The greensand formations of Sussex, 
Mnlaining large quantities of iron, were formeriy worked; 
knt the wooil becoming exhausted, ibe works were aban- 
dpneii. The black-band formatioiia of Seotland, to which 
iitennon was first called by Mr. Mushet, have become 
of peat impotljince. Of the coals raised in Lancashire 
more than one half is employed in the iron-works of the 

The following table ahows the chemical constitution 
of man; of the more important 
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When Dr. Colquhoun published his paper on' 
Bwtch iron-i»orka, only two analyses of any Britiali q 
cinien of iron ore have been published : one of an on; fkc 
Colebrook Dale, in Shropahire, examineJ by that etnia 
French chemist Descosiils ; Bnd one of an ot« from 
vicinity of Bradford, in Yorkshire, examined by '. 
Richard PhUlips. The following information on lhi«' 
teresting subject cannot fail to be acceptable even to 

under which this valuable base of so large a proporll 
of our mineral ricliea is presented to the manufacturer 

as it is common, or had it been brought from ■ gn 
distance abroad, iiieteail of being found in a happy pi 
fusion at home, it is hardly to be doubted that long e 
now the pages of our acientiflc joumala would ha 
exhibited an ai^eurate exposition of its nature ai 
history. But since the fact is so, it is at least : 
agreeable ta^k to furnish some materials towards su 
plying the deflciency; and therefore the foUowii 
mineralogical analyses are subjoined, from an examin 

itrata in the great coal-Geid that lies around GIo^w. 
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'a) From Croaibasket, about Bcren miles south-e 
Gla^ow. Colour light-greyish, or greenisli-blacL 
uce> from fine-grained even to coirse-griiincd, un- 
^ very eaail]> frangtbl?, soft, easily ecraiched by 
nife. Spedfic gravity taken in distilled water at 
WipCTature of 60", 3-1 793. 

rbis is the highest and also the least valuable of the 
^baaket strata of ironstone, which are at present 
1 for the use of tbe blut'fumace. The thtckneas 
n in from three to three and a half inches. 
(6) From Crosabasket. Colour light greyish-black. 
inre fine-grained, earthy, slightly uneven. Rathcf 
i. Not particularly soft. Specific gravity 3-3801, 
This ore is found at a distance of faur feet undef 
•receding one. It constitutes a slratum of about 
inches in thickness, and ia ^teemed tlie purest and 
; valuable of the Crossbaaket ores. 
(e) From CrosshaBket. Colour light greyish-black, 
•tnre fine-grained, earthy, slightly uneven. Rather 
b, but more easily frangible, and softer than the 
menlioned ore. Specific gravity 3-2693. The 
Ige thickness of the stratum is from six to eight 

{d) From Crossbasket. Colour brownish-black. 
" « earthy, fine-grained, uneven. Busily frangible ' 

L Specific gravity 3-1175. 
Thia stratum of ironstone is situated next under 
from which the preceding specimen was taken, and 
m the lowest which is at present wrought at Cross- 
ed Jt Taries in thickness from ten to fourteen inches. 
t il and the preceding ore are reckoned of good 
•ge quality. This ore furtilshcs a curious instance 
le ctpricbuB and seemingly unaccountable alterations 
■re liable to take place in every chemical manufac- 
t whose fundamental principles are little understood, 
none, perhaps, does thia happen more frequently 
n the smelling of iron. AllJiough it forms the 
rt of all the rrossbflsket strata, and therefore holds 
ip>werful inducements, in ati economical point of 
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view, to the iron smdlei', it was at one period 
at the Clyde iron-works as an ironeCone totally unfit 1 
the manufacture of good iron ; and having once recdv 
an unfavourable character, it was allowed to remain a 
worked for a long course of years. Il is ooly of li 
that its employment has been again resumed ; faul^ i 
far from being heid in low estimation, it is now col 
sidered to be little inferior in ()ualiEy to any of ll 
Crossbasket ores, and is used very extensively in ti 
blast-furnace. 

" Immediately above this stratum there is situated 
bed of schist, containing a regular stratiRcatlon of va 
large nodules of ironstone. Being extracted by ll 
miner simultaneously with the subjacent ore, they a 
used to a considerable extent In the blast-furnace, an 
are esteemed an ironstone of uncommonly tine quality 
The black bituminous substance which occurs occaiion 
ally in nodular ironstone, exists very generally distribute 
throughout this strati Ucution of bath. 

" (e) A specimen found in the neighbourhood i 
Clyde iron-works, which are situated about fmiT mill 
south-east from Glasgow, Its mineralogical detiuU ai 
the foOowing : — Colour pale, between brocoli-browi 
and clove-brown. Fracture rather fine-grained, un; 
even. Not particularly hard, easily scratched by th 
knife. Specific gravity 3-1482. The thickness of H 
stratum is about two inches and a half. It is col 
sidered at the works to be an ore of a very inferi 
quality, and is seldom smelted. 

" I tnmeil lately above this ore there is situated a h 
of schist, which contains an immense iminber of petrl 
factions of different kinds of bivalve shells: they n 
of a very pure ironstone, resembling in appearance il] 
Bubjacent land. 

" C/) Their forms are remarkably perfect, and tl 
contain no visible remains of the original shell. 

"(/) An ore lying under the last-mentioned stratimk 
and it) close contact with it Colour between yellawiab 
grey and hair-brown. Fracture fine-grained, earthy^ 
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Rather hard ; Bcratched with some difficulty by 
Specific gravity 3-2I09- The stratum to 
1 it belongs ia situated above tiie eplint coal, with 
kitervention of only four inches of schiEt, and both 
'i are therefore worked out together with great 
fait^^ to the smelter. It is the moEt valuable ore 
11 the fields around Glasgow, except that called the 
ft ironstont, which U at present Emelled at the Clyde 
im-waiks. The thickness of the Btratiun is between 
le and a half and two inches. 

"(s) This specimen was procured from EaHterhouse, 
isr the line of the Monkiand Canal, and about six miles 
tttt from Glasgow, Colour clove-brown. Fracture 
fine-grained, rather uneven. Somewhat tough and 
I, but easily scratched by the knife. Specific gravity 
3-3109. 

" This ore exists in precisely the eame relative siln- 
ition, with regard to all the other accompanying mineraU, 
tt ihc two ores from the Clyde iron-works, which have 
just been described ; and wherever it makes its appear- 
uice, it seems to have been produced by the coalescence 
of these two strata. This compound stratum has always 
» UDiform texture and composition throughout. Its 
average thickness is two and a half to three inches. It 
is used pretty extensively in the blast-furnace, and is 
aieemed an ore of good average quality. 
*' (A) From the neighbourhood of Airdrie, about ten 
' !i Msl from Glasgow. Colour clove-brown, tlie in- 
~ y of the shade varying conEiderably in streaks which 
M parallel to the direction of the stratum. When re- 
1 to powder the colour is brown. Fracttire fjne- 
ad, earthy, rather uneven. Tough, and difficultly 
' ; communicating a feeling of elasticity imder 
J. Rather hard ; scratched by the knife. Ad- 
» slightly to the tongue, a property which did not 
•I to be possessed in a sensible degree by any of the 
|| already described. Specific gravity 3*0553. Nu- 
ts bivalve shells, of a pale wood-brown colour, occur 
d througb the mass of thia ore, and form a strong 
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coiilrasl wilh its darker shade. This is 
valuahle iron ores of Scotland, where i: 
known under ihe name of black ii 
black band. The lalter appellation has been givn 
ihe circumatance that it was first smelted by Mr. 1^ 
to whom we have already referred aa the metKNJ 
most distinguished for his practical (kill. 

" It lies ahout fourteen fathoms below the flfth i 
gaw coal-bed, or eplint coal, and constitutes a layer i 
fourteen inches in thickness. It is remarkable tf 
has hitherto been found nowhere except in the n 
hourhood of Airdrie ; allhoagh several attempB 
been made in other localitiea to reach it by borii ' 
the Clyde iron-worfca, it is justly regarded a 
est and moat valuable ore which they at present pi 

"(i) From a stratum sitnaied in the vicinll 
CrOBsbasket. Colour bluish-grey. Fracture, in 
great, even ; in the small, very fine-grained, eai 
rather hard. 

" Such was the compoEition and mineralogical A 
of various specimens of ironstone, which were oM 
from component strata of the independent coal fold 
around Glasgow, It is well known that this ore p*( 
itself not only in uninterrupted strata or bandi, t 
miners term thecn, but also in the form of indepel 
nodules or batk, imbedded in a stratum of aome fij 
mineral." ' 

Iron ore is not unfrequently found in a H 
stratum, occupying the whole space between the j 
above and below it. When the strata, usually ■ 
laminated or ochrey clay, are not more than tm 
five or thirty feel in depth, they are procured by^ 
ing a pit first, about eight feet in diameter, whli 
enlarged as the depth increases, until the ironstoWi 
reached ; the pit is undermineil, until at the be 
it becomes twenty feet diameter, and of a conical fig 
when all the stores contained in the pit are taken 
another is sunk so near the former that it vrill mi 
3[ the bollom. The earth taken from the secont 
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htown into the first, and in this manner ihe work 
until tlie depth becomes greater : it is ihen the 
n economical methoil to work a mine unilt-r grouni!, 
d)e same manner as for coals, ll frequently happens 
It an iTon furnace is situated where coals are mined 
■ considerable depth, while the ore ia [irocured nearer 
f tarface ; by this arrangement, the «ame expense of 
idiiiiery serves for drawing off the water from both. 
iMn masters generaJly consider, that with the same 
of fuel, the beat iron will be produced from 
irgillaceoua ores ; that is, combining strength and a 
erate degree of fusibility. Calcareous ores afford 
which melts easily, (hough it is deficient in strength; 
n nianufacturcd into bar-iron, it becomes what the 
lerm red thort, that is, brittle when hot. The 
produced from ironstones, containing nearly equal 
iixtures of sanil, clay, and lime, have an intermediate 
fgnee of fusibility and softness, but is generally Tery 
rang. The worst crude iron is obtained from argil. 
iceous ore: it is unfit for any purpose in this state, and 
ben rendered malleable becomes €old ehori, at brittle 
ben cold. 
The first operation to which the iron ore is subjected, 
WMtiog; that is, exposing the stones to a moderate 
eat, which yolatilises any extraneous mixture of the 

Boa*fing in the opert air in heaps requires some short 
eactiption. This mode of calcining ore is undoubtedly 
K moat available, and tlmt generally practised. It 
by good management excellent results. To form 
beap or heaps, the ground must be levelled, and in 
mof cases covered with beaten clay. The area of such 
IbteJ depends entirely. on the amount of ore to be 
Hted, and the time in which it is proposed to be done. 
HUty be laid down as a rule, that the longer the fire 
mains in a pile, or the slower the roasting is carried 
, tbe better will be the result. If the time ia limited, 
m of three feel high, from seven to eight feet wide at 
e bwe, and of convenient length, may be put up and 
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fired. These rows may be finislied i. 
days; but though they answer well enough for hydril 
sulphurela, carburets, and all those ores which cilu 
easEiy, they do not anewer for magnetic ore or carbonti 
For those ores which are roasted with difficulty, i 
or square piles of various dimeneions are used ; loau 
these piles liave a capacity of from 100 to 20O0 t 
The Emount of ore in fire should depend mainly on 
stock on hand, and on the quality of the ore. M^n 
ore may be roasted in the course of six or eight w« 
argillaceous ores of the blue or grey kind, require at Ii 
three tnontha ; and the sparry carbonates cj 
roasted in one heat, frequently require different fires, < 
after all are but seldom sufficiently calcined. In Sty 
Carinihia, and other places, where heavy sparry ir 
abounds, and where good iron must be delivered, 
iron masters are compelled to have a stock of ori 
cient to supply the furnace for a number of yeari 
the complicated manipulations by which the sparry a 
bonates Arc oxidised, often require a period of from tl 
to five yean. The operation is there mainly condni 
on the principle of oxidising by the influence of the 
mosphere ; for that purpose the area are broken i 
small fragments of the size of walnuts, then spread ti| 
level plains in a thin stratum of about two inchea thi 
and exposed to the action of the sun and atmosphere j 
dry weather the ores are sprinkled with water once 
twice a day. Ores oxidised m this way are, of coul 
far superior to those oxidised by means of artifldal hi 
which operation is performed as follows: — Billet* 
wood are placed, like the bars of a gridiron, upon a 
viously prepared level spot; sometimes they are laid 
rallel, and sometimes in a crosswise manner, so as to fo 
a uniform flatbed. The crevices between the woodn 
be filled with chips of wood, charcoal, turf, or even al 
coal, coke, or anthracite, so as to prevent the ore ft 
falling between the oiber piecea of fuel, or, what is ■ 
worse, upon the grourtd. Tlj^H|^|fore it is put up 
the fuel, should be broken^^^^^Hbuuform siiej 
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bgtn tbiee to four inches in tljoneter ; the larger piecei 
In be used inside of die pile, theenialler ones for covering. 
When a fouDilation of fuel of about eigtit indies high is 
prepared, ore may be piled upon it lo the height of from 
df^teen inches to two feet ; upon this ore U spread a 
bjei of Email charcoal or of turf, coke, or small anthra- 
die coal, in a uniform thickueaa of two inches, or one 
bch of fuel to one foot of ore ; then alternate beJa of 
£le( and ore, until a sufiicient height is reached. The 
pile thus prepared, whether cf an oblong, square, or 
nnuid form, ghoulil be covered with email ore, and then 
should be set on lire either in the centre, for which pur- 
pose one or more holes or flu-es are left, or around the 
base. After the tires are properly kindled, the piles may 
be covered with riddlings of ore or email coal. The 
CDinbuation abould proceed slowly, being somewhat auf- 
focaled. so (hat the whole mass may be uniformly pene- 
trated with heat. Where the jire is too intense, it must 
be covered with small ore or coal-dust ; and where it is 
too imperfectly developed, holts should be pierced with 
an iron bar, that smoke and air may have vent. In all 
cases of calcining in heaps, the arrangement and mani- 
are almost the same, with hardly any other 
I than tliose arising from the difference of ore 

in importance to the quality of the iron ore is 

gement of the coke, which has superseded the 

Ff charcoal in the process of smelting. On its first 

luction, the coals were inerely piled on a heap, ig- 

id, when sufficiently burnt, the heat was arao- 

d by covering the pile with dust and sand. Since 

,ter has been better understood by practice, and 

ledge of chemistry, more perfect and economical 

a have been adopted : these consist generally in 

B of close furnaces or ovens, mostly contiguous 

I iron-works, and under the same management. 

a baa described the hemispherical ovens for the 

sing of coke, which exist in the neighbourhood of 

add ; they are about ten feet wide at the base, atld 



£6 mON AND BT. 

two feet at the aperture : the wall of brick t 
inches in ihickneBa. 

" When these ovens are once lieated, the work goi 
on niglit and da^ without interruption, and without U 
further expense of fuel. It U condnclial thus! — sma 
refuse cobl is thrown in at the circnlar opening at d 
top, sufficient to fill the oven up to the springing of tl 
arch ; it is then levelled with an iron rake, and the docn 
wa; on the side built up with loose bricks. The ha 
acquired by the oven in the former operation is bIws; 
sufGcient of itself to light up the new charge, the a 
bullion of which ts accelerated by the atmospheric 
that rushes in through (he joints of the loose btichi ix 
the doornay. Jn two or three hours the combasti< 
gets to Euch a height, that they find it necessary to cfae< 
the inSux of the air ; the doorway is therefore no 
plastered up with a mixture of wet soil and sand, eKCC], 
the top row of bricks, which h left unpIastereJl all nigbl 
Next morning, when the charge has been in twenty-f 
hours, this is completely closed also; but the chimnej 
remains open till the fiame is gone, which is generaUjf 
quite off in twelve hours more; a few loose stones 
then kill over the aperture, and ekisely covered up w 
a thick bed of sand or earth. All connection with 
alTHDEphere is now cut off, and in 
remains for twelve hours to complete the operations 
The doorway is then opened, and the cokes are raked into 
iron wheelbarrows to be carted away. The whole ope- 
ration takes up forty-eight hours," and as soon as thes 
cokea are removed, the ovens are again filled with cdal 
for another burning. About Ctvo tons of coals are put 
jn for each charge, and the cokes produced are ponder- 
ous, extremely hard, of a light grey colour, and shine-, 
-with metaUic lustre. 

" When coke is required to he more of the nai 
charcoai, the process is conducted in a different rn 
The small coal is thrown into a large recepucle, siraila* 
to a baker's oven, previously brought to a red heat. 
Here the door is constantly open, and the heat of th» 
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tven is sufficient to dissipate all the bitumen of the coals, 
ike disengagement of ivhich is promoted by frequently 
idiring nvith a long iron rake. The coke from these 
OTens^ though made with the same kind of coal^ is very 
Merest from that produced by the former operation ; 
this bdng intensely black, very porous, and as light as 
pumice stone." Both these descriptions of coke enter 
into the process of smelting ; the former is capable, not 
only of acquiring an intense heat, and lasting a consider- 
able tiroe^ but likewise of sustaining a great weight of 
ore in the furnace without presently falling to ashes; 
the latter sort are more inflammable, but considerably 
less durable. 

Evelyn, in the sixteenth century, complained most 
pathetically, that nature had thought fit to place the 
most accessible iron ore immediately beneath our most 
extensive and flourishing forests. After describing some 
sylvan giants, he exclaims, " What a pity such goodly 
creatures should be devoted to Vulcan ! " How often 
do we accuse Providence when our own short-sighted- 
ness alone prevents us from perceiving the admirable 
beauty and economy which runs through all the arrange- 
ments of nature ! The " wasting ore,'* which our 
amiable philosopher seemed to regard merely as the bane 
of those noble wood-growths which he so enthusiastically 
admired, has of late years been shown to exist most 
largely and opportunely with the coal formations in 
general. The following reflections of Dr. Colquhoun, 
©n this important fact, are of a character widely different 
/rom the lamentations of the author of Sylva. " To 
Buch perfection has the process of manufacturing iron 
hy the coke of pit-coal now been carried, that this 
tnineral has not only almost entirely superseded the em- 
ployment of wood, but it has been the means of ad- 
vancing the manufacture itself in this country, to an 
extent which is unparalleled in the history of any other 
age or nation. It has now been ascertained by long 
experience, that there is no other fuel which is so well 
fitted at once to supply the heat of the furnace, and at 
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the earns time to enduie the powerful blast « 
incessantly forceii upon it. It may now be said to fl 
essential to our iron manufacture, which would, ind 
be alinoBt anuihilaied were the supply of it withdr«| 
How great a source of admiration and gratitude tB)l 
It always be to regard the immenee profusion ia wU 
thin valuable mineral djaclases itiself, and the intiiq 
counectiou and neigbbouthood which subsists bettreei 
and the ore of iron ! How important are its inexbni 
ibie treasures to the country, which must otherwise hi 
been compelled either to relinquish the manufaeture 
iron, or lay under wood immense tracts of what a] 
fertile corn-fields, in order to supply, at aa eno 
expense, a much more imperfect fuel for the fiinucft 
Nor is it possible to omit conlemplating one of the m 
mentoua consequences of such an order of tilings, tho 
subterranean labourers who, in many districts of tl 
island, pursue with incf^ssant toil their invaluable occ 
pation. A shaft is sunli, wide excavations are openi 
Up, and tier above tier, at various d«^pths below t 
surface of ihe earth ; and sometimes below the bed of i 
river, or of the ocean itself, a succession of exteomv 
sheets are seen to penetrate the bowels of the earth: U 
that in a tract uf coutitry which for ages may haw 
Ijeen regarded as an unproductive 
villages, with their busy throng of inhabitants, fhid 1 
existence, which would never have been theirs but ft 
the fruitful source of wealth that is yielded by the ci 
mine. And thus it haEipens, in many parts of this in 
dustriouf and enterprising country, that a dense popa 
lation are making the botom of the earth to resoonit' 
with the pickaxe below, while the surface is opened by 
the plough above, or, it may be, ia furrowed by the 
rapid IceeU wl)ich bear abroad the commerce of Great 
Britain." 

The exterior fabric of a blast-furnace, or stack, as it 
is called generally, as is well known, resembles a 
cated pyramid, conslrucleil within of fire-proof material J 
and without of brick or stone, according lo circumstance 



t shape of the internal orifice hus been compared to 
T placeil upon 3 funoel, the gieatfEt dia- 
feter of which is equal to the bottom of the decanter. 
fThe dimensions ma; be as follows : — The total height 
of ihe furnace fifty feet, the width of the .lop four feet 
diameter, the middle thirteen feet, the bottom two feet 
■fiiare, nhich is placed upon the end of a trough, six 
feet long, two deep, and two wide, called the hearth. 
The blast ie introduced immediately above the hearth 
by a pipe of about two inches diameter on each side : 
of CMirse before the metal on its extraction from ihe ore 
can descend into the health, it must pass the narrowest 
ind hottest part of the furnace, 
Figi, 1. and 2, represent a vertical section and the 




ground plan of a common coke blaat-fumace, reduced 
from tile working plan of a practical builder. 

A A (Jig. ].), the outer stack or buililing compOEed 
of Ashler stone or comtnon brick. 

bb, tn inner casing of masomy, about fourteen inches 
dlick, which, when the furnace requires to be renewed 
'■Hide, admits of being taken down and rebuilt, without 
jqjury to the outer fabric. 
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cc, a Bpuw of ux iticlieii tilled vrttli river sand, ci 
paclly rannnetl in : this mectiuni, being bat an indiffiM 
coniluctor of beat, lends to preserve the ciuiiig li 
described, 

dd, a coating of the best fire bricks, fourteen ind 
in tliicknesa. * 

E, a semicircular nail, eight or nine feet high, 1 
the purpose of preventing the wind from bloning I 
flame upon the men or the nweliinery employed in i 
the furnace. 

F F, a lower wall, surrounding the one last mentioni 
on the summit of those furnaces which are of old c 
Htmction, as supplied by men from bafilcets, &c. 

G, the inside of the furnace, for the reception of 1 
materials during the process of fusion. The metid, 
•liBengaged from the ore, descends by the pipe H intod 
Jiearth or receptacle in the centre of Jig. 2., which 
composed of similar materials with the EUpctstnicta]:& 

The tlouble lines converging from the sides, and i 
jied through the outer circle \nfig. 9., are simply o 
gutters left in the stonework by some builders, aa ven 
ioT the escape of any small quantities of air which m 
!» generated by what they term " the swelling of ll 
furnace." These are not always inserted. 

For some time after the construction of the larg 
blast-furnaces had obtained, the method of eupplyii 
Ibe materials was by the construction of a sort of brid| 
or slightly ascending road from the ground to the raou 
«jf the furnace. Along this road tile ore, fuel, lim 
■were carried by the workman in baskets, and thronH 
at the burning crater. This mode was auperseded 1 
the coQEtructioii of a metal railway, inclined at an bi 
ef about iS" from the grouiid to the orifice of the »t 
Along this an iron corve or waggon, with a sUde bott 
to which was fixed a projecling bar, was made to n 
by means of a chain connected with a water-buckeC I 
an adjoining pit, and the bottom of which was furniihe 
by a clack or valve. This vessel and the corve w( 
properly counterpoised, and so arranged that when 1 



I the botlom of tlie pil, the corve was over 
■ apetture of the furnace, mil when ibe formernasat 
K|nt mouth, the latter wason tlie grouDil to receire iti 
rge. The operation was this ; when the corve was 
id with materials, and" the bucket wilh water, a bolt 
B diavn, which allowing the btjckec to descend, drew 
It eorve up the rails, till it came over the mouth of the 
pfiifsace, when the projecting rod striking lint against 
> plate on tile hack wall forced out the bottom, and 
allotteti the contents of the corve to fall down into the 
I furnace ; the bucket at the same lime coming into coii- 
niib the pit bottom hml its valve opened, by which 
ivance the water ran out, and the preponderance 
Llting thus restored to the carve, the latter ilescended ot 
mne. The inclined plane is still retained, hut instead 
Kthe old corve and water bucliet, an iron box, mounted 
f wheels, and called a tippler, and BumewhaC resem- 
1 coal ekip, is made to travel 
r rather over and under the plane, 
vo tracks of parallel rails. This 
on turning at the lop of its couree, 
Its, by that inversion of its right 
, from whence its trivial name is derived: it 
then travels down the lower pkne, and round the bottom 
wheel, as indicated by the positions B B, the dotted or 
light hand figure showing its place, when receiving its 
charge of materials, supplied from corves on the floor 
level C. The motion of tlieee feeders is derived from a 
track chain attached to the wheels of each ; for there are 
two of them, one alwajis at the top, when the other is at 
■he bottom, and pa&^ing over spiked wheels, the lower- 
most conimunicaiing with a revolving shaft from the 
steam engine. This latter wheel, hath for safety and 
convenience, is placed at the estremlly of the rails below 
the floor. It may be observed, too, that in order to 
■How the feeders to traverse the upper portion of the 
inferinr rail, a space cotreEpondlng with the size of the 
'n the front of the furnace, in the direction 
a say that the cut repre- 
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When B furnace is first Bet to work, fire is put 
the holtmii : it is then griiduall^ filled irith coke, 
care is taken not W heat it too rapidly, the dme leqi 
for this purpose being ten or twelve days, and dt 
which period only a imall quantity of air is pemj 
to enter at the bottom. As soon as the fire has' 
GOmplelely through tlie cokes to the top of the iHiri 
they are drawn out at the bottom, and the furnace 
ftUl as the cokes sink with a small quantity of ironi 
limestone, and cokes. When the ore appears a 
bottom, the opening is stopped up, and the blast u 
work : this is termed bloning-olF. The fusion of tl 
then takes place ; in a few hours the hearth fills ' 
metal and cinders, during which time it is frequt 
stirred and worked about by the furnace men with 
ban suitable for the purpoEe. As themetal accumtdate 
its superior weight it displaces the cinder or slag, \ 
is continually running over, and is conveyed away h 
workmen. Generalty in from tweUe to twenty4 
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I, according to the quality of the ore and the aze 
ft furnace, the hearth becomes full of metal ; it is 
1, t); the removal of a luting of claj, let out at the 
Bnf (he hearth, and permiited to run into beds of 
& previously moulded into pigs, or channelled so as to 
i with the moulds of any other heavy article* 
■tmiiy be about to be cast. 

About every half hour the furnace requires what is 
I tensed a half charge, vi2. twenty-four stones of cokes, 
I nniiy the same of iron ore, and six or ieveu clones of 
I h'meslone. These proportions will vary according to the 
I (tale of the furnace, which is affected by the atmosphere, 
I the quality of the materials used, and also the quantity 
□etal wanted. It would certainly be a matter of aa. 
Huthment to our forefathers, could they witness the 
nitode of our present furnaces ; and the ponderous 
chlnery employed to excite the blast. Instead of tno 
f three men, as formerly, working a clumsy pair of 
V common to employ steam engines of 
y or thirty horse power, being near a hundred fold 
:, and the furnaces are of forty or fifty times the 
Mity of the old ones. 

"« apparatus for blowing varies considerably in the 
> most common arrange- 
It is to have a cylinder at the end of the engine beam, 
h ends, with a piston moving throughout its 
L length. Thus, when it is expelling the sir at one end, 
it is receiving it at the other, and so on allemalely. It 
is evident, however, that this would produce an irregular 
blait, but partially answering the purpose ; to remedy the 
defect at some furnaces, they have another cylinder coii- 
nected with llie air pipes open at top, and in which 
works weighted, or whatis called a fly-piston, the use 
whereof is this: — when the first piston is reversing its 
motion, the fly-piston descends, hut when the former is 
in the middle of its stroke the latter descends ; and by 
this means the blast is regulated. 

Another methoil consists in the use of what are called 
water- bellows ; these machines depend on the principle. 
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that a stream of water running through a pipeiV 
means it 1$ mixed nith air 
that air along with it again ai 
pipes ; the air then being coUected by a proper a] 
it may be used with success for exciting the mo 
lent degree of heat. Dr. Lewis has made a grea: 
experiments ou this hlower ; one objection to 
however, has always been the degree of hnmidit 
which the blast has been loaded. The inott i^ 
method, therefore, is to compress the air into i 
called a dry regulator ; this is merely a lai^ me 
about three yards square and ten or fifteen lonj 
fectly air-light. Instead of a square box, Urge 
globes are frequently employed. The elastic 
the air, wliich increases with the compressing 
causes it 1« issue from either of these vessel 
perfectly regular blast. This mode is consider 
best, from its regularity, andbecauBe the air is frc 
moisture. At length, the experiment of heati 
air, previously to its being blown into blast-fii 
was tried with succesB. It was long doubted ^ 
tical men, whether the expense of making the j 
would uot counterbalance the subsequent gain 
reverse of this was found to be the result of 
severing trial made at the Clyde iron-works. Al 
works the air, before it is thrown into the blai 
naces, ia heated to HSO" Fahr. in cast-iron vessels, 
on furnaces similar to those of steam-engine 1 
The value of the application of the liot blast i 
best understood by remembering that cold air 
into a furnace must, in becoming heated to the 
iiecessury for increasing the energy of combusUo 
eorb some portion of the heat already generated. 
lake aa an example two furnaces, one euppliec 
hot and the other with eold air, the result will b 
the temperature of the former will, in the same 
become very much higher than the temperature 
latter. Esperiment and calculation have show 
by sending in sir which has been raised previo< 
the temperature of 572^ F ahr. in stead of (iQ° S 
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CG nty have iU temperature raised about one 
b ; so that ifthe temperature of a cold-blast furnace 
1 the STtrage 9650° Fahr., we may by the hot blast 
ue thii to 3000°. Cnnsequentiy, fusion is ef- 
1 in a hot-air faroace much more readily than 
t cold air is employed. 

le apparatus by which the air is heated to a proper 
Brature is inually a stove around which la ar- 
id * aeries of tubes, through which the air ia made 
:eDlate before it arrives at the nozzle through which 
len the furnace. 

I this point Mr. J. Arthur Phillips remarka ; — 
Bsperience haa ahown, that if a furnace going well 
the ordinary cold blast be afterwards supplied with 
d til, the amount of fuel added may be considerably 
Kd -without affecting the proper working of the ap- 
U. The Bubatitution of hot air instead of cold, 
ilerialiy affects the nature of t!i,e reactions 
h take place in the difiereot parts of the apparatus. 
amount of combuetibles being diinini«hed, and the 
Itity of air eupplied from the tuyeres being in pro- 
ipn to the weight of llie fuel u«ed, it necessarily 
Ira that the amount of gas pasxing through the 
ice is much less in proportion to thi; mineral era- 
ed than in a furnace working with it colil blast. If, 
k the temperature uf the hi^arth, notwithstanding the 
liiihed quantity of fuel, be a,Esumed to be the same 
I cold air were employed, it follows that all the tipper 
middle parts of the apparatus must be cooler in 
■ces where the hot blast is used, than in those in 
^ cold air only is injected. The fuel, also, from 
K more readily consumed' when brought in contact 
I the highly-heated air, requires less time to unite 
t the oxygen of the blast ; and the extent of the zone 
taximlim temperature will be therefore proportion- 
dtmiuiefaed. These causes are the tncans of pro- 
log a great difference tn the nature of the chemical 
W* produced in various parts of the furnace ; and 
I this circuni3t!Uice the products obtained by the 



hot bUet are found ta differ considerably from tba 
yielded hy the old process. When the hot blist is ei 
plojed, the fuel used is generally uncoked coal." 

The experimeuU at Clyde iron-works show that i 
ail is heated in the separate fnrnace nith one elevea 
part of the fuel that is lequired to heat it in thennd 
iDg furnace, when allowed to come in contact widi t 
ookc. One reason why this should be the cise is a 
viouB : iu the smelting furnace the air is heated wi 
coke, in the separate furnace with coals. It appeal 
then, when the volume of air injected by the tuywe 
either too great, or driven loo violently forward, ioitei 
of promoting combustion in the ratio of its iiupetna, 
is carried through the loateriala unconsumed, the col 
at the same time being blown away before they c 
efficiently co-act with the fluxes ; in consequence 4 
which the ore falls either not at all, or but partial 
liquefied, into the hearth below. To avoid this i 
and at the same time to bring the blast to bear QpOD 1 
large a surface as possible, it has been introduced o 
opposite sides of the furnace, and by this means it bl 
been most largely and economically applied. Ano^ 
phenomenon is the well-established and importiuit faol 
that the produce of blast-furnaces in almost all esiea, u 
in some instances the quality of the metal, is very ml 
tertally affected by the season of the year. In bor 
furnaces, indeed, the decreased produce of pig-iron i 
the summer months has been said to amount 10 fifty pi 
cent, which, of course, is far from an average stUi 
ment. That this efTect is to be attributed to the ia^ 
creased temperature of the atmosphen 
espansiou of the air, there can be no doubt. One thia; 
ii certain, that during the cold winter months, whn 
■be temperature of the atmosphere is lowest, and cons 
quently contains a larger quantity of oxygen in a gin 
volume of air, the blast- furnaces are found to prodna 
with less fiiel, the largest quantities of the best iron. 

The quantity of air thrown into a furnace per minut 
has been computed at upwards of seventeen thuuMHi 



Dons, anil at a pressure of tiro and i 
OiidB per square inch ; if, then, il be correct, as 
emiea bave asEerlcrcl, that si\ inches of vital ntr is 
eorbed in oiie minute ]>y each indiviilual ol' our 
eeies, the quantity of this elemt-nl consumed hy an 
ifiiuiy blast -furnace, is equal to that required by 
UK^OOO persons! It may be added here, as giving 
e idea of the coniumption of fuel in the tmcJliug 
ess alone, that, according to computation, the iron- 
mdu of Carron, in Stirlingstiire, burn annually as many 
EOili ta would be required by a city containing 700,000 
Inhalutaiits ! 

Vima the top of the blast-furnace, or the tunnel head, 
Sbere is continuaUy escaping a large quantity of gaseous 
nUter, the products of the combustion going on iviihin 
fw furnace ; and this is evolved at a very elevated 
ure. Numerous atLt;mpts were made to collect 
£ heat, and employ it in heating llie air, and 
ms oiher purposes ; but most of ihem were 
ifamdoned, as it was found generally disadvantageous- 
lowever, at the yBtaiyFera iron-norks, near Swaneea, 
ifr. James Palmer Budd has introduced a plan, which 
e docHbed to the Uritish Association when (h«y visited 
Mt neighbourhood, and wliich ia found to anewer es- 
mdiugly well, Mr. Buddsays : — "Taking the annual 
ladaee of iron in Great Britain In round numbers to 
a 1,500,000 tons, or about 500,000 tans made in 
Ini^and, 500,000 tons in Wales and Monmouthdhire, 
00(000 Ions in Scotland, a saving of even U. per ton 
n die cost of production amounts to the large sum of 
'5,000/. a year." Mr.Budd's plan is best given in bis 

"Fortunately, in my at tempts to use the escape from 
the tunnel-bead to heat iny blast of air, I neither made 
Bjr q>parBlD8 part of ihe furnace, nor did I attempt to 
nm the gases. T built my stove alongside the turnace, 
f which, however, it forms no part; and by means of 
. atack about 2.1 feet higher than the top of the furnace, 
s eoaliled to draw into it as much of the heated air 



and flame as I required. The result of this plan 
been a most perfect supceas, from iis thorough ■ 
plicit^. 1 interfere in no nay with the operational 
the furnace ; everything is as before ; my apparetiM 
merely tliree or four borizontal flues of about 13 i 
diameter, constructed about 3 ft. belov the top of tl 
furnace, and leading; into an adjoining chamber or Btoi 
provided with a staci: which makes the drau^t. Id 
this stove 1 am enabled to draw as much of the gi 
escape as 1 require, and by means of a damper o 
stack M little as I choose. The quantity required i 
produce hot blast for a furnace is very little, not h 
more, as far as I can judge, than one-sixth of the quu 
tity passing o!F the lunuel-head. I attempt no 
bustion of the gases ; for as ihey rise from the f 
and enter the siove with a temperature of about 1800 
and leave il at a temperature of about 800", whilst ■ 
the heat I require for the blast is about 600°, the mel 
passage of them as heated vapour through the stoi 
gives me all the temjierature I want." 

Another portion of this heated air has been emploje 
to heat the boiler of a steam-engine on the worka wit 
the utmost success ; and by this ajiplicatlon 35 torn o 
coal ft week are saved in the stoves, and a aimillf 
quantity in the boilers. 

There are still a few furnaces in the kingdom wortin 
with charcoal, the metal from which is generally uie 
for iron wire, and other purposes where a very luperiol 
degree of tenacity is required. The blowing appsntnt 
for these furnaces are propelled by water-wheels ; and ■ 
charcoal can only be obtained to work the furnaces a & 
months in the year, the winter season is fixed upon fi 
the purpose, as water is then plentiful : but the col 
furnaces are almost universally blown by steam-engine 
and except suspending the blast half an hour during thl 
time of letting out the metal, and during unavoidafak 
repairs, the furnace is usually worked without intermita 
sion while the hearth and the lining will endure, whidi 
is mostly about three years; and where the fire-hrick 
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1 hearthstojies are good, a «ttll longer time. Com- 
mly, the wortnn;n pursue iheir usual labour on the 
bbalh ; and this EyEtem has been connldcred a Indli- 
Dat1)Ie. From thv experiment, however, of lonie of 
! Slafibrdshire iron-masters, the practicability of ku*- 
Dding (he works on that day baa been demonstrated. 
The quantity of metal made in one furnace, where 
lk materials are good, will amount to forty tons per 
requiring half iliat weight of coal, and ita own 
t of limestone. Argillareous iron ore in general 
«es from 23 to 30 per cent. ; Cumberland ore up- 
tarda of ^0 per cent. 

A late iron-master, to whose notes (he present treatise 
much indebted, justly observes, that it is one of the 
tnteKiting characteristica of chemistry, when purEued aa 
usement, that it is ever exciting curiosity and 
by exhibiting ita wonderful changes and efi^cs, 
■yet frequently withholding every apparent cause for these 
«Sbcti ; this is peculiarly the case in smelting and mik- 
The few chemists who have pursued their 
inquiries into the nature of iron, have lamented the 
llmoat impoBEibility of accitrately dJicaverinf; its com- 
parts. In the dry way, that is, the way in which 
manufactured, the heat is too inlenBc to collect 
what flies o(f, and in the humid way, viz. with acidt, 
At same resulia cannot be obtained; on th:s account 
' re are few subjects in which chemistry hai really 
le 50 little progress as in the smelting and conversion 
ron. Dr. Colquhoun, in the treatise already referred 
to, hu entered with great miiiuteneas into the assay of 
Ironatones, both in the dry and the humid methods. 

The best fuel is undoubtedly charcoal ; and this is 
bwwB to consist almost entirely of carbon ; but since 
it eu no longer be fumished in supplies adeiguate to the 
■onmunptioD, pit-coal that contains the greatest quantity 
' carbon, and ilie least amount of sulphur, is the bett 
' itilule. The component parts of pit-coalare 
;bon, bitumen, argillaceouB earth, and pyrites, or aul- 
^nrets of iron : the proportions of these vary conn- 



derablj in (iifTeTeiiC kinds of caaln, and buC fen of di 
ire applicable to ibe amelling of irati. Iron ore coiib 
of vwietl proportions of iron, oxygen, arsenic, argillace 
parlh. sulphur, and frequently various other imptui^ 
Limestone is principally calcareotis eartli ; and altfa(ni| 
Horae kinds are more suitable than others on account ^^ 
B less quantity answering the purpose, yet the quality 
the metal is rarely affected by that of the lime, its m 
use being as flux, to facilitate the melting of the ore, al 
protect the iron from the action of the blast wben in tl 

As these materials approach the middle of the 
in all probability the fusion commences ; the lime 
the earthy pari of the ore unite, and form s glassy cinder 
the iron receives a clue proportion of carbon from tl 
coke, and descends Co the bottom, and when it has pasM 
through the cinder, little or no change can take p1«ce,i 
it is not found to diSer, whether it remain six or twdi 
hours in the hearth. The presence of sulphur in H 
furnace, whether from imperfectly prepariiig the coke 
ironstone, or from a defective kind of coal, 
injurious to the metal ; it not only impregoatei 
deprives it of its portion of carbon. 

In the processes of coking coal for the tron*woHn,-! 
several plans have been lately introduced for removii ' 
the sulphur from the coal. The most simple of dii 
consists in projfcting water in a shower upon tbe ii 
candescent material. All persons knov, that when tl 
water in a kettle boils over into the fire, a disagreeabll 
smell is generated. This arises from the deeompos' ' 
of the water, the smell is due to hydrogen combini 
with the sulphur of the coal. In this way in the cDkfQ| 
ovena, the water being decomposed, the hydrogen 
bines with the sulphur, and, passing off as Bulphui 
hydrogen, robs the coal entirely of the deleterious ii 
gredient. The sulphur coal of South StaSbrdshic^' 
which could not be employed in the manufacture of iroB' 
previously, can now, when prepared in tins way, 
employed with all tlie advantage^f charcoal. 
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Good metal is of a strong dark grej colour, consi- 
.ienibly granulated^ runs fluid when melted, and is un^ 
lerttood to be highly carbonated. Bad metal is tender, 
fight coloured^ has the appearance of hell-metal^ and runs 
ftidL^and shiggish. The best metal is most suitable to 
foandery goods; hut it is found hy experience that 
netal of rather inferior quality will make as good mal- 
ktUe iron as the best. 

The products of the processes of smelting may be 
diTided into — 

Ist. Crrey cast-iron, which, when cast into pigs, fre- 
^ntly presents smooth concave surfaces. It forms an 
excellent material for casting, but is very soft and only 
moderately tenacious when first obtained from the 
furnace. 

Snd. Mottled cast-iron, so called from its mottled ap- 
pearance; it makes excellent castings^ and admits of 
being tamed and filed^ taking a good polish. 

3rd. White cast-irony having a lamellar fracture^ and 
being hard and brittle. It is only employed for coarse 
castings, and is never used in the construction of ma- 
chinery. 

The following list of the prices of iron at the con- 
clusion of the year 1 852, as obtained from the price list 
of one of our largest iron merchants, cannot but prove 
of interest : — 









Per Ton. 


1 






£ 8. d. 


Welsh iron. ■ 


— Bar iron 


. 


4 15 


>» 


Slit nail rods 


. 


5 5 


j» 


Cable iron - 


. 


6 10 


»» 


Sheet iron - 


. 


9 


f> 


Pig-iron, cold blast - 


. 


3 10 


ff 


Railroad bars 


- 


5 


Staffordshire iron.- 


— Bar iron 


• 


7 


»» 


Slit nail rods 


. 


6 10 


»* 


Cable iron - 


. 


7 15 


f» 


Sheet iron - 


- 


8 10 


f* 


„ (trebles) - 


- 


11 10 


English iron. . 


— Bar iron 


- 


6 5 


)» 


Scrap iron - 
p 4 


- 


10 10 



7S IRON AND 8TEKL MANUFACTURE. CHAP. 

Perl 

£ 8, 

English iron. — . Locomotive engine axles 

forged - 15 IC 
», Locomotive engine cranked 

axles from best scrap - 65 C 

Yorkshire iron. — Low moor bars - - 14 C 

„ Boiler plates - - 18 C 

t> »» - - S3 

M Rivet iron - - - 15 

„ Locomotive axles - - 17 
n n cranked and rough 

forged - - 56 

Scotch iron. ^- Bar iron - - ^ 5 5 

„ Angle iron - - - 7 

y, Boiler plates - - 8 5 

„ Pig-iron, No. 1. - - 1 18 

„ Refined metal - - 3 10 

„ Railway chairs and sleepers 4 

„ Cast-iron lamp-posts - 16 

n Iron pipes - - - 4 10 

M Rails • • - 5 5 



-■■ ..J-. — 




hr taitmg is ine*nt the process of converting funble 
letal into an; given farm, hy pouring it when in > 
Squid state into a mould. As the eeparfttion of >U 
netili from the ores necessarily exliibits this molten 
IB the flowing of tlie mass into whatever re- 
ttplacle IB designed to receive it muEt always have pre- 
loiled, or at least have approached, the practical illus. 
fastion of the foregoing definition, it might be presumed 
Aat this method of obtaining metallic arliclea, so familiar 
«, had been known from the remotest anti- 
qi^. TbiB, however, was certainty not the fact with 
nferenee lo iron ; aiul when we recollect the degree of 
bgenuity and experience required to mould in Esnd the 
linipleBt vessel, our wonder will probably be diminished. 
It is, however, only to the very earliest ages, or most 
tubaroua nations, that this remark strictly applies, for 
L, that the art of casting in brass or bronze. 
It will be hereafter shown, is of very ancient origin. In 
this subject, there is one delusion to which 
tainy persons may be liable, namely, an indefinite idea 
ftal, ai we possess so many articles of modem conve- 
'moe, necessity, or luxury, that are formed in the cast- 
j, M night the nations of arliquily: this, however, 
bregardi iron articles especially, is quite erroneous, nor, 
I consideralion, will it appear strange that such 
~d bare been the case in the infan^^y of knowledge. 
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To rorm a jar of clay, to bake it in the fire, and e 

to confer upon it eome degree of aym 

may be said to be the operalioiia of a people eleva 

only one degree in the EcaJe of ei 

that jar in sand or clay, and then withdrawing the ma4 

to pour into the matrix a quaniity of liquid r 

order to produce a casting, requires a mucli higher tl 

of knotrledge and experience. 

At what precise period, and in what country, i 
carried la such a vast extent first began to be pracdsa 
seems almost a fatile inquiry. Mr, Mushet r 
fixes the dale of the discovery of the art of easting )j 
iron in this country about the year IS.iO, but likewfi 
considera the process to have been an English inveotiqfl 
at all events, ic does not appear that the ci ' 
was known among us before that period. 

The first description of goods produced by the i 
process would, of course, be the ordinary cooking u 
eils in domestic use, pots and pans ; these would [ 
eently be followed by ranges and ovens, 
implements used in the manufacture of m 
At present there is hardly a single article capable 
being manufactured in wrought.iron, the like of nhioj 
ind-inoulder cannot produce it 
)t come within the scope of ft. 
: every article for whicl) J 
low indebted to the ira 
Lriking may be mentionei!| 
those which have superseded the use of wood and st 
as frames for machinery, waggon-races, spandrils 1 
roofs, columns, waggons, bridges, barges, churches; 
the large and beautiful structures at our railway t( 
During the eighteenth century, iron-founderybi 
almost identified with casting of cannon. The < 
sumption of cast-iron as well as of brais, in the aitic) 
of ordnance alone, during our wars in Belgium, ^ 
America, and arising out of the French revolution, vii 
beyond all conception enormous. This branch of hoK 
trade, having government for its especial patron, ei 



the ingenuity of the 
cast metal. It does 
present treatise 



founder : among the n 
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y individnalB. who, if n pun might be Bllowed, may 

'A to bsve become /ounders of f&milies as wdl bs 

Of this clasa may be menttoDed the rctpecuble 

f Wdker, at Masbrough, near Rolherham, where 

s for many years carried on with un- 



e idea of the quantity of cast-iron which at one 
^KTeTiod waB consumed in the anicle of gutia, &c may be 
fonned from the fact that, about Mi)!>, the average 
aiDOUJit of metal purchased by ihe board of oidnance in 
f cannons, mortars, carronndeii, shot and 
sheilB, taking the account of three years, waa estimated 
t nearly 11,000 tons annually. The India company 
took for a yearly gapply about half of that amount, i.e. 
5000 or 6000 tons ; and besides these two items, other 
anned trading vessels were said to purchase 10,000 tons, 
nakiog a total of 36,000 tone of iron annually cast into 
" devilish enginery," at the explosion of which, to 
oft, by sea and land, a few years ago, 




Cannon are east from wooden models, which hare been 
cxsctlj and smoothly turned at a lathe, so that they may 
leave the sand with facility during (be process of mould- 
ing ; and m the model does Dot admit of being drawn 
from the sand like a smooth cylinder, they are moulded 
in boxes opening along the sides. The metal isrecjuired 
to be of the best quality, and along with the common 
BOrl, it is usual to mix the superior Webh pig, and that 
drawn from the rich oreg of Cumberland. 

As till! pieces are generally boreil on the premise* 
where lliey are cast, a description of that process, as 
praf^i'ed at Masbcough, may not be uninteresting in 
dkia place. 
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Every ^n, previous to iU being bored, is fixed 
elout iron frame between two eentre poinls, and 
turned all aver tlie outtiitle with sharp Eteel tooli 
perly fashioned. It is then carried to the boring 
(jfj. *.), and placed horiKonially in two massy c. 



Fiff. 4. 




Eupports, A, A, each containing a hollowed brass 
exactly fitting (o tlie gun at the breech and at the 
and over mliich the collar B is screwed down, that 
piece may revolve steadily. It is then connected 
the eog-wbeel C by means of a square iron 
a square knob of a corresponding size being 
the breech of the catinon for this purpose, but whii 
ultimately cut off. The sharp sieel dHll £ i« t 
brought into contact with the muzzle of the gun 
advancing the carriage F, the front of which, bearing 
borer, is a massy metal plate, strengthened by bnii 
from behind, and resting upon a cube of solid iroi 
nine feet square and twelve inclies thick, and 
moves on Bmall truck wheels along a metal road, 
the square projecting axles of the cog-wheels on 
side of the supports are next placed the levers G, G, 
upon these the weights H, H ; the gun I is then a 
to revolve slowly by putting in motion the wbed 
From the sketch it will be obvious, that when the 
is brought into contact with the piece to be bored, 
the latter turned round by the macliinery, the efiet 
the levers through tlie operation of the pinions upon 
two racks K, K, must be, by maintaining 
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o keep the diiQ ta iU wi>rk ; the levers, meinwhili;, 
eights reapeciively Hpproacli ihe floor, being 
off and reptaceit at their first elevation till [be 
; 13 completed ; »nil which, lit a lliiriy-eight 
buler, nil) geneiill; require about fortjr-eighi hour*, 
jilldjng two or three stoppages to aharpi^ii the ilrill. 
le lacks are about twelve feet long, anil tlie other parts' 
S the machinery in proportion ; the whole being ex- 
ceedir)g;ly maaay, anj firmly hound together. 

When the gun has been bored to the proper depth by 
Ihia process, thij drill is removed, and another iuEtruraebt 
introduced into its place consisting of a shaft of iron 
■hod at the extremity with four or five Gquare bits of 
(teel, attached by longitudinal grooves lo the rod. This 
btdug introdaced, widens the bore about the eighth of 
D inch, at the same time amooihing and perfecting the 
alibre to the exact dimensions required. 

An idea must naturally present itself to the moM in- 
■110erent observer, that to cast the guns hallow at once, 
t would involve no difficulty, eo It would not only 
fitcilitBte the work, but save a deal of expense conse- 
quent on the tedious prooess of boring the solid metal. 
This plan has been tried, but abandoned as unsatisfac- 
tory ; it being found aUnost impossible thereby to get 
the inside quite free from flaws; and, as every piece woa 
not only proved at the arseziol, by firing double charges, 
but examined tiiroughout by the introduction of a spring 
iiiBtrumenc called a learcher, the core-cast cannon were 
■Reeled. Indeed it will be universally admitted, ivithouc 
•dverling lo the direct and dreadful use of the guns, that 
too great care cannot be exercised to prevent artillerymen 
ftont being unnecessarily endangered by tlie bursting of 
imperfect metal. 

llappily for the interests of humanity, the business of 
cannon-casting on the large scale appears to be at an end; 
[be foundery being at present at woric chiefly for the arts 
of peace. Since the introduction of gas, the demand for 
caat-iroii piping baa increased aiiiazliigly ; and it is gra- 
llrying thus to reflect that mucli of the metil which, 
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under other circunigtBDCeB, tnighl have camposed a "i 
viljsh enginery " for carrying death through ranks of i 
fellow-men, ic now uKd for the economical tonyeyti 
of the pabulum of iUuminalion through our towni, n 
Dufactories, and dwelling-houses, and most exteiMT 
for conveying water into citiei from distant reservoil 
In casting theee pipes boxes or casea are used, csh 
ingof stout metal cylinden, about three feet in length,) 
formed of halres, as represented by /^. 5. Two of tfa 




being placed together, and faetened at the flanges along I 
the suture with iron cramps, and fixed exactly upon « I 
firm foundation, form the case,_Sj,fi. The smooth mauo- J 
dtilffg. 7; answering to the outside of the pipe to^ 
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ea lowered perpendicularly down die centfe 
; tilt it rcBti in ■ hole in the aland nC ihe bot- 
; in the next place made firm at the top by a 
« which keeps it eqiiidifitant from every part 
ler circumference. The inlerral around the 
is then tilled up with sand, properly sifted and 
A, and which is continually supplied and rammed 
1 it rcachei the mouth of the box. The maun- 
a carefolly drawn oat by means of a windlass, 
nd-charged cylinder is removed to the drying 
. hree or more of these cylinders, accorriino tn 
ih required, are used in costing a pi[ 
! next place, the moidder 
(Uadrangular rod of iron, 
foot longer than the in- 
ipe, and this, alter being 
pped all along witli a 
a inserted wltliin a 
jiite smooth inside; 
[led with sand-mortar of 
coneigtency, and made 
iby the addition of loam, 
ng, sndhair. This core, 
I, being drawn from 
i, is placeil on a rack 
'&e till sufficiently dry 
ed with safely and snc- 
rhen the workmen are 
a pipe, generally 
DC feet in length, three 
■nd boxes, prepared is 
Fscribed, are taken and 
e upon the other inapiC, 
hstened together by cot- 
ang through correspood- 
"n the circular flanges, 
!. The before-n 
1 core, jig. i 
) suepeaded and let down 



Ule aperture, until its loner 
socket at the bottom ; while at the upper end it u mI 
justed 10 the centre b; a collar of claf. It niU be]^ 
ihtm this desirription, that the space between the onl 
ude of this sand pillar anil the inside of the surroundill 
mould, reprcsenta the actual strength of the pipe it 
tended to be cast. When all the arrangements are colf 
pleted, a sufficient quantity of the liquid metal is sufien 
to flow from the furnace into a pan fastened into an irfl 
frame, so aa to be carried by three or fnur men, and i| 
contents poured into a mould by an orifice at the top. 
Fi>. 10. 



Should the quantity of metal required to 1 
to a distance in the fonndery be too heavy to be lifted in 
this manner, the pot is carried on a drug, and ponred 
with the assistanee of pullies. 

The mould having received the metal, and I 
sufficiently cooled, is altogether hoiEted from the pit;,, 
the oaler cases are taken ofT, the iron rod is withdraWA 
from within, and the pipe being cleared from tbe m 
ineide and out, is ready for examination, dressinf;, ■ 
use. A similar course is pursued in the casting of vAj 
large cylinders, only that in these, and in similar he«i^ 
articlea, the metal, instead of being carried in a veiM^ ii 
conducteil by means of a trench of sand directly ti 
the mouth of the furnace to the pit containing tte 
moulded article, in the same manner as in casting mebA 
pigs. 

The casting of various solid articles which from their 
shape require to be moulded in boxes, is conducted 09 
the same principle : it was during an operation of 
kind that an accident happened at the Thomclifie ~ 
works, near Barnsley, presenting phenomena at c 
singular and awful. On the tgthof July. lS30,dui 
a Itemendoua Ihunder-etorin, a number of workmen 



1 



S belongt!^ la Ibe worke, t<%e(her nith the aciin;; 

'8 ttnd managere, altogether more than one liandred 

I were aesncbled in the casting- house, as was 

when snyibing particular was about to be 

t, tor the purpose of witnessing the casting of a tilt- 

\ aboul fiye tons weight, in a ptrpendimilar mould. 

I %br: casting iras nearly compiete, the liquid mass 

tdy Hboi up like a cataract of molbtn lava from the 

' a volcano, and, mingled with clouds of heated 

in red-hot flakes on every side. Of the per- 

preEeoi twenty-two were burnt more or leu 

' , three perished on the spot, and six others died 

i a few days ! The immediate cause of the catas- 

~ ' e could not be satisfactoriiy ascertained. Happily, 

» of thit sort are exceedingly rare : that, at the 

t question, formed the only instance of an ac- 

it baving taken place during twenty- Ave years. 

into which tile metal is cast itnmedialely on 

B'Sowing from the furnace, are moulded with wooden 

the sand on the floor, the metal being allowed 

wn level, as if it were water in a canal and 

k branches. In a somewhat similar manner are cast 

my anidei of great weighty and of a form calculated 

I leave the sand on being lifted horizontally from the 

The model of a floor joint, or a road rail having 

n thus imbedded in the sand, and a superior level of 

e bed and the surface of the article established with a 

nb line, the model is lifted from its bed with a crane, 

■d the impression or mould carefully examined with 

e aniatancc of a candle or a mirror : any hits of sand 

e taken out by means of a loop of iron, and any holes 

>pped will) a small trowel The gutter, or other im- 

Mion, being by these means thoroughly cleared and 

a level cover of sand compressed into a frame 

k.tben placed over it, and weights l^d upon it to keep 

ft filWi after which the metal is conducted to the mould 

• trench as u!>ua!. 
[' TTie use of cast-iron rail courses for wheel carriage*, 
nd which at this time is becoming so vastly important in 



I with locomotive iteam-«n^nes, appein : 
to have obtained, to an<f coniiderable extent, in 
neiRhbourbood of Newcastle-upon-Tyne, about (he i 
1797' It !>■■ l>CEn proved, however, thatatleul 
tons of railH, intended as an experimeat, were cw 
the Colebrook Dale works, on the 13th of tionm 
17(37 ; and at lateit in less than within ten yean f 
the iMt-mentioned dale, Mr. Curr introduced theae 1 
to a considerable extent in the duke of NoTfolfa'i 
lieries, at Sheffield This was the plate rail, which i 
BiBted simply of a rail about seven feet long, caat in 
form of two plates farming a right angle at their ju 
lure, each part being three or four inches wide ; tl 
rails were laid so that their enda met upon a wO(l 
sleeper, laid across the road, and supported upoD Ii 
Btonea ; upon this sleeper the enda in contact were lu 
down. In the annexed sketch, fig. 11., a a indica 
Gectional view of the first and simple form of those e 
iron rails, the introduction of which has led to snchi 
pendous results in the construction of metal roads 
inland carriage. In the chapter which etnbnoea 
particular consideration of rails, much informalioii 
those now employed will be found. 

Fls.n. Fiff.U. 
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Of course, the form of this rail has undergone W 
alterations ; the most material consisted [n 
witli tlie upright sides altogether. This n 
was found to diminish the friction t 
amount, arose out of an alteration in the form a 
wheeU of the waggon : the rail being reduced to a s 
rod, the circumference of the wheel was cast w 
flange, projecting suficlently to keep the rail wi 
~" tug much upon it. This improvement will be clear^j 
lerstood by the section..^"- 12- 




Tow«rde the Utier entl of the last century the public 
be snrptised bj ihe appropriation of cast-iron 
a norel and magitificent purpose — the conatruction of 
%e«. Several works of this kind were undertaken 
ItJnoceaa, and the lightness and elegance of the fa- 
», M well as its Eingularity, became the theme of 
ivenal discussion and curiosity. 

ITw credit of having first suggestad the practicability 
ccHWtmcting bridges of c^aet-iron, has been claimed 
' Thomu Paine, who is said to have conceived the idea 
ID contemplating the fabrication of ft spider's web in 
Mrica. Whatever may be thought of this assertion, 
B certain that, in 1787, Paiue presented to the aca- 
Dj of sciences at Pans the model of a bridge which 
lud invented ; and it is equally a fact, that during 
' greater part of the year following he resided at Ro- 
rham, in Yorkshire, where a bridge, chiefly of 
snght iron, was constructed, under his direction, by 
. MesBTS. Walker. Whatever may have been the pre- 
s principle of ihii pattern bridge, it was taken to Lon- 
exhibited there for a time ; returned again to Ro- 
and there broken up. Pieces of this fabric 
te not long since to be seen on the premises of Mesirs. 
•Iker I It appears, however, from designs now or 
lelj! in the possession of Mr. White of Devonshire 
kw, that Mr. Pritchard, an architect of Eyton Turret, 
early as the year 1773, suggested the 
urtjcability of constructing wide iron arches, capable 
admitting the passage of th-c water of such a river as 
e Severn ; and, in fact, the first practical exhibition of 
B I^an, on a large ecale, was the construction of the 
kdge si Colehrook Dale, chiefly in accordiince with 
r. FrilcharJ's plans. 

In 1790, Rowland Burdan conceived the idea of 
roiring an arch of cast-iron over the river Wear, at 
udelland; for which, two year? afterwards, and after 
nnOHnting some opposition, be obtained an act of par- 
■nent. The aw of iron hail jireviously been introduced 
the conaltuction of the arch at Colebrook Dale. 
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Mr. Burdon's plan consUUd in retaining, togettiet 
the metallic material, the nsual form and priadfi 
the slone arch, by the subdiviaion of the iron into t 
aiiBwering to ibe keyEtones of a common sreb. 
blocks were of caal-iron, five feet in depth and ft 
tbickneii, connected together by bars and cotti 
wrought iron. The entire structure conai 
ribs, each containing 105 of tlit^se blocks, abnttii 
each other like the voussoirE of a stone arch. Tfa 
are six feet distant from each other, braced togeth 
hollow tubes ftnd bridles of cast-iron. The whole n 
oF the iron is S60 tons; i6 malleable, and 214 
The arch is the segment of a large circle, of whi( 
chord or span is 236 feet This magnificent 
inie, which was executed at the foundery of 
Messrs. 17alker of Rotherham, was completed 
three years; Mr. Thomas AVilson, of Bishop T 
mouth, being the srcbilect. This briilge waa, 
time of its erection, considered to be the largest 
the world ; and being placed, too, at a considerabli 
TREion above the river, it forms a remarkably 
turesquB oly'ect. The whole expense of the ■- 
taking was ZG.OOOL, of which sum 32,0001. wa 
icribed by Mr. Burdon, the original projector. 
famous bridge waa, in October, 1S16, disposed 
lottery, consisting of 6000 tickets : and 1 50 piiai 
the value of from 1001. to 5000/., to the total 
of 30,000(. 

About forty yearE afterwards, a still greater atdi 
ment in cast-iron was exhibited in the metropolis. 
was Southwark bridge of three arches, constnietrf 
■the river Thames, and which was likewise execul 
the foundery at Rotherbain, the first casting It 
been run on new year's day. 1815 ; the whole a 
uiicles, including of course the models, 
about two years in the execution. The en^ 
John Hennie, Esq., who originally inleniled dia' 
outer plating of the centre arch should havt 
vided into seven segments inattaJ of thirteen. 
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The practical difficulty of caEting such tni> 
to the oiiopiion of the 
which tbe Btructure now eKhLbilH. Tlu'St; 
I, being too large to be covered with boxes iti the 
arof other similAT castings, were moulded in "open 
' tllal; is, tile modelii, after being sufficient!; im-> 
i npoQ the Hand, were removed, and tile nictAl 
1 to fiow into iiH bed, the Burface being merely 
d by the level of the molten lake. The erection 
■ wonderful triumph of foundery ingenuity occu- 
lt twn years, anil the bridge was opened to the 
nthe 25lh of March, I8I9, Its weight and 
s follow : — 



pin of the c( 



2.10 feci 



Span of tbe two side arelies 


- 210 feet M 


Pirn 


- 2i feet th 


Width of the roadwsv 


. 98fcet. 


Width of the foolpaths 


- 7f«te» 


Weight of mi^talin centre arch 


- 16GS 


Weight in two side atchei 


- 2920 



In 1827, Mr. Deeble, a metropolitan engineer, ob- 
tuned B patent for an ingenious method of casting metal 
UocIb for the purpose of forming caissonH, jetties, piers, 
quays, embankments, lighthouses, foandations, walls, or 
rnher such erections. Theie blocks, which are hollow 
t as to fit into each other by p'^oves and 
dovetails, and other contrivances, would form masses of 
exceeding strength in combination. There is, however, 
one fatal objection lo thrir adoption in situations where 
they miglit be most useful : the sea water, by some un- 
eiplaiueil process, so alters the nature of cast-iron, that 
iti cohesion appears to he quite destroyed. Cannon, 
■fter lying long in the sea, have been found converted, 
through their substance into BoraelliinR resemWing plum- 
go, and admitting of being cut witli a knife. This 



w»» ptrticularly the esse with the iron guns of ■ 
Royal George which weiil down off Spiihead. 

Among the architectural purposes to nhich Cfttt-i: 
has already been moat successfully applied, may 
mentioned pillara, as well fluted as plain, for the iapt 
of galleries in houses, the roofs of our railway sli 
tures, and numerous other I'diliceg. Those wbo lui 
paid any atteution to the cumlirous, unsightly colui 
vhich occupy so much sjiace, anil so obstruct the v 
in most old churches, must perceive at once the beani 
and utility of Ihe light and elegatit metal shafte wbii 
have so generally soperseded them. 

At most of the iron founileries pots or posnets a 
cast; and, as the method of moulding the«! niticlH i 
though simple, yet carious, it will not be out of place 
describe the process. The model of the pot, say of ll 
capacity of five gallons, is made of brass, smooth^ 
turned inside and out, and about three sixteentha of 
inch thick ; it is then cut into two parts in the line 
an axis from the centre of its mouth. The 
tabes these two hemispheres, and places them 
mouth downward upon a circular hoard, having 
edge turned just to fit the mouth or expandiug flange 
the pot : he then pkces over the whole a box a (Jig. IS. 




consisting of a strong iron hoop divisible into two par 
by means of hasps and staples at the sutures, where there 
are internal prctjections far retaining the sand and fa- 
(ililatlDg the opening of the box laterally. Arouod ttwki 






CASTIKO inON VEBBELS. 87 

lei tbua placed, eand of a proper consisKncy ii rani* 
down till the box be full, that a, reachinf; lo llie 
of the pot. Thesurficeof ihisKanii being made 
n, and well powdered with drj, barnt, poundeil 
the box h it placed upon the first mtftitioni'il, lliene 
Img attached by suitable pegs and ean projecting from 
ihr bases respectively : into this, as into the former box, 
ttnd ii shovelled and well rarameil about the model 
BDtil it reaches the bottotn (which, it will be recolli^cteil, 
ii now uppermoEt in the process). Models of tlie feet, 
■ltd likenise of a taper core from the centre, are now 
^aced upon the bottom of the pot, and carefully settled 
in their places by meana of being surrounded with eand, 
with which the box is now filled up, and having been 
levelled with a strickle, is turned over upon a board in 
a contrary position to thai In which it appears in the 
engraving; when, on the removal of the circular board 
Snt menliotied, it is evident chat the inside of the pot 
must be completely exposed. The next process is to 
place the third box c (seen undermost in the figure) 
upon the one heretofore uppermost in the mDulilitiR ; 
and to fill the inside of the pot and the box together, 
with sand well rammed in and levelled on the superior 
■nrface, as In the former box. The whole is now again 
turned over, when it stands as represented in the cut. 
It will now be seen, that by loosing all the Imsps the 
upper box may be lifted olF by the handles, and the 
lower one drawn away laterally in two halves, by which 
means the brass niDdel will be completely exposed, and 
may be easily removed by its separation at the line of 
contact of the two pieces ; the feet and the core at the 
bottom are likewise taken out of the sand. The concave 
and convex parts of the matrix are now smoothed all 
over with properly formed bit* of bright metal ; after 
this the whole is dredged with bean Hour, and upon that 
a considerable dusting of powdered charcoal is shaken 
tnaa a bag. The whole ig once more made perfectly 
■nooth by the tools of the moulder, who performs this 
'Icaie operation with surprising dexterity. The dif- 



ferent parts of the mould being carcFully re-altaiilud : 
the posilioti shown by the figure, the metal w pound 
f:^ 1 .1 ^' '-^^ ^°^ "' '^^ '''P i "^^ ^J butnii 

away [he meal anil th^ chareod, i 
casting camea oat of the aand perfed 
smooth and clean, l^'ig. ll.repreMB 
the boxen used fur casting kettlea ai 
t pans of the wi^ll known chape indicBl 
I) by the dotted lines : these are ctat 
the best metal, are much lighter th 
the former, and are generally tinn 
inside: the chit^f foundericG for this description 




utensils are at Birminghi 
Fig. 15. represents an iron pot or t» 
nhich consisting as it does of 
frustrum of a hollow cone, the m 
does not require to be cut, and < 
two hosea are required for the mo 
ing, as the model will draw out ol 
•and in the one, and of the core 
' the other without difficulty. 
The methods of casting, annealing, and tinning dd> 
kind of pans, more particularly those with oval beU' 
formed the eulijecl of a patent granted in 17791 
person of the name of Taylor, of Birmingham. T 
are, as already stated, cast by a process in all respi 
similar to that employed in the casting of the metal ] 
just described ; hut instead of being sold from the s< 
they are still further finished by annealing and tinni: 
the former of these processes is performed by enolot 
the article in a cast-metal pan, and covering it 
with conl dust or ashes, so as to exclude the air a 
as possible ; the whole is then surrounded by fire (ill tbqi 
pot is reiluced to a sufficient softness, which is generaD 
in about twenty-four hours. The turning of the eSif* 
tical pots is performed by affixing them in a Urge diuck 
upon an oval engine or lathe, and operating on t' 
with Gleel chisels : the round ones are turned by 
method in the round lathe. The tinning and finishi 
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irfbrneil by holiUng ihe pot to be tinned over the 
t becomes of s legular jiroper heat to receive the 
I ; wfaen a proper quantity of grain tin, mixed with 
B smmoniai:, is put into it, the pot being Etill kept over 
jfhx fire, and the tin worked about with aal ammonite 
it takes and adheres to the pot in the proper amount 
A quantitir of melted tin h then dmhed 
upon tlic mrtice, a aufficient portion of which adhere" 
"" ling; the superfluous meial is llien 
rued out, and the vessel immereed, mouth downward, 
;l the tin, which by this means is done 
without the water coming into contact with the tin while 
Ai any contact between the water and 
the tin, while the latter ja in a fluid state, will cauee it 
to fly off more or less, and thus injure tlie work, this 
mrtfaod of coaling cannot be successfully aiinpied with 
Te«els that require to be tinned inside and out. In 
performing the operation under the latter circumstances, 
instead of dipping in water, tbe vessel is quickly with- 
drawn from the melted tin and exposed to the action of 
a rapid current of cool air, which current is produced 
other by means of a pair of bellows, or by a draft oc- 
cwioned by a high chimney. More complex apparatus 
were invented, and a patent obtained for cooling by this 
metboil, by a person of the name of Kenrick, about tea 

It would be as tedious as unproGtable to describe in 
detail the methods adopted iti the production of that 
endless variety of tnialler and generally useful articles, 
denominated/oil Hrferp goodi. These are mostly moulded 
I t^ boset of all sizes, connected in the middle by means 
a fastenings, and filled with green eand, as that 
t casting, in contradistinction to dry, is 
[1 by the workmen. 

I and, indeed, metallic castings in general are 

il to be much improved by subjecting the metsl, ss 

n u poured into the moulds, to pressure : this is done 

Ji pari of the mould of such a form an to 

itoa, which, on the metal being introiluced, 
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is made to press on it with any niquimi forc^ 
been stated tliat caatiiigs treated i 
only free from the ini[ierfei;tions geneTally ii 
the nsual mode, but have likewiee a peculiai 
of surface and cloEanesa- of texture ; qualities 
most importance in ordnance, rolling cylindera, 
many other articles. Whatever ma; be ihe merits - 
this plan, however, the inconvenience attending iB 
plication to common aand-casting will prerent it ft 
becoming general. The same objection will apply H 
Etill greater force against the more complex peo 
arity introduced into the mode of casting cylindnv ] 
, Mr. Church of Birmingham, and which a' 
desiderata, namely, to produce articles " free from ■] 
holes, perfectly sound, compact, and of a unifortn li 
ture," or even with a case-hardened surface, 
invention, for which a patent was obtained, conait 
exhausting ihe mould of its atmospheric air by n 
of a pump, and then forcing the metal vpjcard into G 
iDDuld by a similar process. 

It is not uncommon to caie-karden Tailroad plates t 
casting them upon a piece of cold iron : (his 
termed diilling, is more especially resorted t 
casting of cylinders for rolling metal, forge 
faces, and common stithies. 

Practical engineers, architects, and others, who hsl 
occasion to calculate to any degree of nicety t 
extent economy and safety may be combined In 
of iron in a lai^e way, will And rules and labln ■ 
mirably adapted to assist their inquiries in TredgoU 
" Fractical Essay on the Strength of Cast Iron ■ 
olher Materials." In tlial work will be found an amp 
seritia of experiments on the resistance to compreasia 
and impulsion, tension, torsion, stiffness, tenacity, &c. 

The following remarks, lo Ihe concluaiun of ihe h 
tion, are mostly in the words of this intelligent auth 
The two most obvious varieties of cast-iron are the ■ 
grey and the while kinds. Metal of the former ■ 
yields easily lo (he 6Ie when (he external crust is : 



Blighd; malleable in b cold BUle. Dr. 
BuROD ha« juaily given tlie preference to such iron, 
less liable In fracture by a blow or ihock 
(be bard metaL" 
iVliitr rasUiroQ is lesE subject lo be destroyed by 
than the grey kind, anii it is also leas soluble in 
_ therefore it may be usefully employed where 

laidnesB is necessary, and where brittleness is not a 
defect : but it should not be chosen where strength is 
DMcssary. When it is cast Emooth it iniikes excellent 
bearings for gudgeons or pivots to run upon ; and is 
Wj durable, having litlle friction. 

irhite cast-iron in s recent fracture has a white uid 
ndiated appearance, indicating a crystalline structure ; 
i( a very brittle and hard, a file having little or no effect 
ypon iL 

Grey cast-iron has a granulated fracture of a grey 
colour with some metallic lustre ; it is niurJi aofler and 
uugher than the white caal-iron. 

But between these kinds there are Tirielies of cast- 
iron, possessing divers proportionB of ihese qualities ; 
those should be in general esteemed the best which ap- 
proach nearest to the grey cast-iron. 

The best grey cast-iron is used for artillery, and is 
(Oinetiines on that account called gun metal. 

A familiar lest of the quality of a piece of cast-irou 
is to try the edge with a hammer : if the blow of the 
bammer make a alight impression, denoting some degree 
of roalleabilily, the iron may be presumed to be of a good 
quality, provided it be uniform ; if fragments fly oflf,and 
no sensible indentation be made, the iron will be hard 
and brittle. 

The utmost care should be employed to tender the 
iron in each casting of a uniform quality, because in 
iron of difierent sorts the shrinkage is different, which 
causes an unequal tension among the parts of the metal, 
impairs its strength, and renders it liable to sudden and 
nnexpected fractures. When the texture is notuniform, 
ihe surface of the casting is usually uneven, where it 
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ought to have been even. ThiB unevennegs, ot the ir 
regular swells and hollows on the surface of a cutinf 
ii causeil by ihe unequal shrinkage of the diSem 
qunlitiea of the iron. Founders of experience and ot 
aervacion are well acquainted with this test of an in 
perfect casting. 

Now when iron of particular quality is obtained h 
mixture of different kinds, it wil! be difficult to fa' 
ihem so thoroughly as to render the product perCect) 
uniform : bence we easily perceive one reason of im 
being improved by annealing ; for in passing slowly t 
the solid stale, the parts are more at liberty to adjn 
tbemselTes, bo as to equalise, if not neutralise, the tea 
siou produced by shrinking. But it must be dear tl 
aa annealing heat, applied after the metal has once i 
quired its solid state, must be sufliciently intense to i 
duce the cohesive power in a very considerable degr 
otherwise it will not be sensibly beneficial. 

Banks has remarked, that " iron vaiiea i 
and not only from different furnaces, but also from the 
same furnace and the same melting ; but thia seemi > 
be owing to some imperfection in the casting. Mid il 
general iron is much more uniform than wood." Th 
very great strains, however, which large maasen of wdl 
mixed cast-iron will bear when applied to reuBt ^ 
greatest stresses in mill und engine work is now t% 
iremely well known in ihia country. Its value WW 
foreseen by our celebrated Smeaton at an early period a 
his practii*, Upwarila of fifly years ago, he combilei 
the prejudices against it in the following language :- 
" If the length of time of the use of these (caat-iror 
utensils is not thought suflicient, I must add, diat in tl 
year 1755, that is, twenty'Seveji years ago, for the flti 
lime I applied them as loially new subjects, and tbe ci 
then was, that if the strongest timbers are not able ft 
any great length of tiine to resist the action of tbe pi 
what must happen from the brittleness of cast-iron i* i 
is sufficient to say, that not only these very piecea o 
caat-iron are slill at work, but that the good effect has ir 
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^^Be north of Englani], where iirsC applieil, draRii them 
^^Ko eomnian use, ami I never heard of one rgiling." 
^^BhfE remarkB were written in l?!^^ ; and the good 
^B^^nion of Smcaton has been fully justifled hj the ex- 
perience of Ruceeeding engineers : the grand and varied 
works of Wilsonj Rennie, Boulton and IVatI, Telford, 
ftc, iliundantly confirn) it. 

To this enumeration it is rj(;ht to adil the name of 
Ttedgold, whose retnaiki conclmie an follows : — " Vet 
I must not omit lo remark, that caet-tron, when it fails, 
glTes no warning of the approaching fracture, which is 
iu chief defect when employed to sustain weights and 
inaring forces ; therefore care should be taken to give 
ii nifficient strength ; aod it will be obvious, from the 
preceding remarks, how much its strength depends upon 
tbe skill and experience of tlit^ founder. The parts of 
cub casting should 1ie kept as nearly of the same bulk 
as poasible, in order that they may bU cool at the same 
late. Great care should be taken to prevent air hubbies 
incastinj^; and the more time there can be allowcl for 
cooling the better, because the iron will be tougher tlian 
irhen cooled rapidly : slow cooling answers the same 
purpose 03 annealing. In making patterns for cast-iron, 
ftn allowance of about one eighth of an inch per foot 
must be allowed for the contraction of the metal in 
cooling ; also the patterns that require it should be 
slightly bevelled to allow of their being; drawn out of the 
sand without injuring the impression : about one six- 
teenth of au inch in six inches is sufficient for this 

It may serre still further to CKhibit the progress and 
importance of a staple of such immense advantage to the 
commerce and matiufacmres of Great Britain, if we give 
* ' w a few items which were published by the jurors 
" ■ report on the metal manufactures of 1851. 
quantity of cast-iron produced in England is w 



^ 



In 1838 



1S4J 



In the following yeare, owing ta cerUii 
fiscal allerations, the trade received a great stimulna 
the make >ose — 

InlMBto . - . . 1,998,568 

1M9 - - - ~ £,000,000 

1B50 .... S,££O,00a^ 



and in I83I (o an amount probably more than 
the quantity made in IS44, seven years preTtoudy. 

The quantity of coal raised In 1840 is not accuritd; 
known, but in 1850 it is estimated at 34,750,000 tODi 
The increase must have accompanied that of the mokl 
of iron, of which it is one of the most esienlUl de 
nenta. The average price of coal at the pit's mouth il 
England is estimated at 5s. 7d., and that of pig-iron ■ 
46c. The produce of these two branches of indniti; 
amounts, therefore, to the annual value of upwards of 
15,000,000i. ; 



£1J,10I,0(» 
Of this vast production, about one half the iron 
one fourth part of the coal are exported to the colonkK 
or to foreign countries. In 1852, the Messrs. Blaekv 
well, of the RuBsell Hall iron-works, determined that 
the quantity of coal raised in South StaSbrdahire mm 
about 5,500,000 tons, the present value of which maj 
be taken at about 3,500,000;. The quantity of coil' 
required for calcining and for smelting the iron ore, iS- 
at the rate of about three tons for one ton of pig-iron, 
or about 1,950,000 tons annually for this purpoie. 

The average production of iron from the clay iron 
atone ore of South Staffordshire ia about 33 per (xnU^ 
The quantity of pig- iron produced is 650,000 tona, vrUdi 



fcmber, 1 852) may be valued at aboui 3,000,000/. 

Ii^uantil; of bar iron maiie is at the rate of 500,000 

ET annum, the value of which, in consequence of 

e great advance id the price of iron, may be eslt- 

i »t 5,500,000/. The number of furuactB (1853) 

' I blast are 139, "hile SO only are out of blaeL 

nillsand fumacea now at work in South 

brdehire alone are 1469- 

The following infonnation obtained from the report 

Inf M. Uufrenny on the iron manufacture of France, la 

if much importance jn tha history of metal manufacture. 

}ii are paiticularly abundant in the 

I middle tertiary depoaita which cover the elevated plains 

[ of Champagne and Berry. Much .iron still continue* 

' to he made with charcoal, eome with a mixture of co*l 

and charcoal, and a considerable quantity with coal alone. 

Tbis latter method, while louering the price, has also 

gJTen a great development to the inanulacture of pig 

and wrought iron. In 1819, ihe produce of iron in 

France was 1 12,000 tons, in 184.1 it reached 522,385 

tons. It appears from statements made in the annual 

report of the corps det mines, that the three countiiea in 

Europe next in order u> France in tlie manufacture of 

iron are Russia, Sweden, and PruEsia, and that the make 

of the first, bom 1835 to 1838, was 189,000 totis of 

19, 115,000 tons; and of the 

ons. The average in France 

) 1 838, was 239,000 tons ; in 

in ISW, 348,000 tons. The 

ufactured in Fiance with coke 
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L Tbe quantities of wrought ho 
al are as follows : — 
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WtthCod. 


With Chmrcoal. 


Total. 


Yean. 


Tons. 


Tons. 


Ttons. 


J 819 


1,000 


73,200 


74,200 


18S5 


101,380 


108,159 


209,530 


1838 


115,110 


109,085 


224,195 


1846 


254,325 


105,865 


860,190 



The annual quantity of iron manufactured in the 
United States is estimated at 400,000 tons. This quan- 
tity is the produce of about 298 furnaces, which are in 
constant operation : 57 are anthracite furnaces^ and 
make on the average 50 tons each per week ; 7 Ave bi- 
tuminous coal furnaces, and make 22 tons each per week; 
4 are coke furnaces, and make 48 tons each per week ; 
85 are charcoal furnaces (hot blast), and make 21 tons 
each per week ; 145 are charcoal furnaces (cold blast), 
and make 14 tons each per week. 
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Or all the mineral products, iron is of the 
live applicability in the arts, the convenienci 
pnciea of life. " It is the {Mjssession of iron," says 
Giibonie, " wliich cunatitutei, huraaoly speaking, the 
lliflerence between savage life and civil society. Its value 
nslsiilly discerned even when the eye is but half 
opening, and the mind but half aivakening, from the 
nighl and torpor of barbarism. ^Fhen a sbip on a voyage 
of discovery touches at a new island, what, among tlie 
prodikctions of an unlcnown hemisphere laid before the 
wondering native, are speedily tile objects of his most 
intense solidlude ? A hatchet, an adze, or a nail ; a 
piece of broken iron, of which he knows only that it ia 
fron, and has not yet thought of a purpose to which it 
may be ap;ilied. But he knows that it is iron, and that 
is sufficient. In civilised life, the same meial. which 
ibe Deity has mercifully provided in larger abundance 
ihsn any or than all of the rest, maintains, under its 
Vkried states aud capabilities, a decided pre-eminence in 

It has already been observed, that a knowledge of the 
art of working in iron with the hammer in reality pre- 
ceded all apphcation of the ingenious and now coi 
Method of casting articles in sand with the metal 



Stat or liquid atite. We ilioll be the less surpriud i 
tliis, when we recollect, that in the infancy of the Ml I 
iron-miking it is not to be suppoaed that the metal, bl 
fore it cmild be subjected to the hamnier, underwent tli 
variety of processes to which it is submitted in our iddi 
modern bloomariea, noi even that it was required loll 
cost into sows Bt all. 

It bas been supposeil that the ore, or ironstone, whie 
might be of tlie richest ijuality, would be laid in a hoUoi 
bed of burnt wood or ashes, in such a situatian as to ( 
exposed to the action of the wind, or of rude bellom 
and then smelted, by keeping up with a plentiful sopf^ 
of fuel the fiercest heat poEisible. The lumps of meti 
picked up at the end of the operation would again i 
placed in the game bed or furnace and re-melted, tli 
founder from time lo time egitating the mass with hi 
slick, by which motion of its particles its fusible pul 
carbonic acid gas, would be disengaged. When hecc 
no longer stir it, and it was perceived to becotne c1 
and sdff, it would in all likelihood be rolled from d 
6re upon a large stone, and then, while it retained il 
heat, be beaten with stones or other lumps of n 
which process would drive out the particles which hui 
dered its cohesion. By re-healing it, for it would nel 
no longer melt, and repeatedly battering it, the lunii 
would improve in quality, till it became perfectly mil 
leable iron. Such a process aa this is now practised b 
the natives in India, but they only obtain about ddi 
eighth of the iron viLich is contained in the ores theji 
employ. 

The description of the method of smelting the or& 
and running the metal into pigs, at the old Sussex worla 
as detaUed by Ray, has already been given. The follow 
ing account of workmg the iron at the forge at CuckfieK 
is irom the lame author .- — 

•' In every forge or hammer there are two flres | 
least ; the one they ctU the fiaery, the other dj 
diqferg. 



■"' A[ the finery, by working of the liaramer, tliey 
.ng ii into bloom and uncontef, thus: — 
" The sow al tirst they rati into tlie fire, and melt off 
■luece of about three Fourths of a hundredweight, which, 
toon as it is broken off, ia called a kop. 
" This loop they take out with their shingling tongs, 
It with iron sledges upon an iron plate near 
e fire, that so it may not fall in pieces, but be in 
■npudly to be carried under the hammer. Under which 
7 then remove it, and drawing a Uttle water {upon 
llu water wheel) beat it with the hamnier very gently, 
which forces cinder and dross out of the matter; after- 
yards by degrees drawing more water, they beat it 
thicker and stronger till they bring it to a bloom, which 
is a four-square mass of about two feet long. This 
operation they call shingling Ike loop. 

" This done they immediately return it to the finer;/ 
igun, and after two or tlirea heats and working they 
Mng it to an ancony, the figure whereof is in the middle, 
* bar about three feet long, of that shape they intend 
the whole bar to Ije made of it ; at both ends a square 
piece left rough to be wrought at the chafery. 

" Note. At thejSnery three loads of the biggest coals 
{of wood) go to make one ton of iron. 

" At the chafery they only draw out the two ends 
Miitabie to what was drawn out at the finery in tile 
middle, and so finish the bar. 

" Note I . One load of the smaller coals will draw out 
« ton of iron at the chafery. 

" S. They exjiect that one man and a boy at the 
fy should make two tons of iron in a week ; two 
I M the chafery should take up, i. e. make or work, 
« or six tons in a week. 
■ • " a. If into llie hearth where tliey work the iron 
t (whether the diafcry or the finery) you cast upon 
^inm a piece of brass, it will hinder the metal from 
VUngi causing it to spatter about, so that it cannot 
ki»«ug)it into a solid piece." 
H-Tlifl fbrc^ing paragraphs describe succinctly the pro- 



cess of mailing iron at the Tsiioua works in this countrjr 
until the introduction of the nae of pit coal; and di 
practice abroad ia pretty rimilsr to this day. AU tt 
iroTi manufactured in Sweden and Ruseia, bo far as « 
know, IB converted with charcoal, and generally in tl 
follomng manner : — Tbey have what we term a fioerj 
this is ■ sort of trough, the botlom and sides made g 
metal plates three or four inches thick, its length a' 
three feet, thirty inches wide, and one foot deep, 
blast is introduced on one aide and near the top, Ihitn^ 
a pipe nith a bore of an inch and a lialf diameter. Ttd 
vessel being partially filled with charcoal, fire i« applied 
and excited by the blast; as much pig metal is tfae 
placed upon the fire as will make one bar, and coveM 
over with additional charcoal. When the metal becomoi 
meltcdj the workmen continually stir it about with It 
pokers or iron levers, and submit it as much as possibi 
to the action of the blast, by which means tl 
contained in the air deprives the metal of its ci 
it becomes malleable iron. As it gradually approache 
this state it has a strong tendency to unite and bcci 
one mass: when this is aufBciently the case, it is r* 
to the top of the fire, and with a \aige pair of tongs ta 
and put under the forge hammer, where it is consolidatti 
by gentle strokes. It is ihen passed through another &« 
or chafery similar to the former, and by repeated healit^ 
and foiling it ia reduced to tlie itate of a bar such m « 
receive it. 

In England, however, when, about a century ago, tl 
use of coke began generally to auperaedc that of charcoaL' 
it was found expedient, on account of the inferiority ol 
the fossil fuel, to take the iron from the chafery in 
smaller pieces, and beat them under the hammer inttf 
cakes about an inch thick ; these when cold are broken 
into fragments about two inches square, and piled in t 
sort of obtuse cone, upon a round flat slate, aljout ni 
inches diameter, each ball being sufficient to make o 
bar. Eight or ten of these are then placed in a rove 
berating furnace previoualy brought to an intense beat: 
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when ihe iron hu attuncil a welding glow, the halls nre 
■Itemstely drawn forth with tongs, and the forgeinan 
being read; with aElaS'orbarof iron, wich the end healed 
welding hoc, he lays it upon the boll under the hitiiimer, 
and with a dexterily which appasrs extraordinary to a 
byitinder, turns and forma the lump into the shape 
nqoired. If it be for bar-iron, he forms the middle of 
the piece into the proper sir^; the ends being reheated 
in lie chafcry are in ttirn raiuced, until the entire rod 
ii Ijrought to a uniform thickness. This method of 
ouLing iron is stUl practised in Bome places, particu- 
larly in the preparation of a material for wire and tin- 
plate, and more especiilly in the using up of scrap iron. 

Pur a considerable time the only iron that was manu- 
fiutured in the neighbourhood of Shefiield for local con* 
■Dinption, was from the refuse iron or scraps from the 
onlers and other artificers, and scraps imported Irom 
Holland. As the demand for Russian iron increased, so 
did tite price, which induced the forgemasters to com- 

nce the making of mullcable iron from cast or pi|; 
metal, by the process before mentioned. The lirst 
Attempt was with charcoal, with which they succt^iled 
ta maicing a tolerably good aj-lide; but the consumption 
of charcoal was so f>reat, as to compel tliem to the use of 
irit coal : the iron, however, made by this mode was of 
* *ery inferior quality, and used only for the meaner 
liai^uses, being tenned coke-iron. 

Puddliag. 
About the year 1780, the consumption of foreign iron 
faaviog considerably incrcaseil throughout tile nation, the 
price was fast approaching to double what it hod been 
during the twenty years preceding. The use of coke 
haring become general, manu.factories on that principle 
increasetl rapidly throughout the kingdom, competition 

l«id tlie acknowledged deficiency in quality opetatiog as 

^■^MimaluB to ingenuity and experiment. 

^H According to the best testimony, the first person who 

^^ptroduced or rather attempieii a better process was an _ 
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ironrasBter in the county of Gloucester, of the n&me 9 
Cort ; but, like loo man j other invenwra, althougli I 
eecuied hie practice by b patent^ he was unsucceiBf 
and ruin overtook him before he could l3im to hlB V 
sdvuiiHge that gclieme which was presently TaOai 
and became bo profitable in the hands of odien. ^ 
first individual who succeeded, and derived from U' 
princely fortune, was a rciiident of South Wales, i 
had the judgment to perreive and the spirit to patronii 
the ingenuity of a person who, acting is his engineer, c 
ried toward perfection the art of puddling. The proc 
was quickly introduced into every part of the countr 
where the iron trade was carried on ; besides, as the in 
vention, by superseding foreign iron, made » 
and at tlie same time promised well, many individual 
became impressed with the idea, not merely that itA 
was the moet valuable of metals, but (hat its pteparUioi 
was the direct way to wealth. This infatuation w 
powerfiil to be withstood ; the business was rushed iot 
with capitals of from 1 0,000/. to 1 00,000/.— " 
multiplied rapidly, the quantity produced exceeded tf 
consumption, competition re<Iuced the price below fi 
esjiense of manufacturing, and not a few adventurers b 
to tell a tale of disappointment and ruin- 
When this process was first introduced, the ( 
practice was to put the pig metal into tlie puddling A 
nace, and there make it into inalleable iron ; but tl 
experience of ten years showed tliat a previous operatiei 
was essential to perfecting the conversion. This is mn 
termed preparing the metai, and is conducted as foUoirai 
— The fire-place is similar to a finery in dimensiona U 
shape, and coke is used as tlie fuel : half a ton or tm 
of metal pigs are broken up and laid on ihe fite, ■ 
covered with coke ; here the whole is melted down, a 
suffered to remain in the furnace about half an houraf 
fusion has taken place. It is then suffered to run out 
a hole two inches square irfto a metal trough, by wht 
it is formed into a plate half a yard square, and t 
inches thick. This when cooled is broken with a eI< 
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pieces of about one hundred pDUnds weight 
Idj, and thus become ready for the puddling furnace. 

The principal chemical change which <he metal un- 
deijoeE during this preparatory process, consista in its 
bang deprived of its carbon ; and tlie advantage gained 
va the puddling of pig is, in having obtained a greater 
degree of heat at the commencement of the conversion. 
The appearance of the metal is very materially changed : 
in tiie Etate of pig, it is soft, open -grained, and of a dark 
pej ; but in plate, it is as hard as steel, close-grained, 
md iicsj-iy as while as silver ; it is much more difficult 
to melt tlian pig metal, and is not in the least malleable 
It any heat. 

A puJitling fiimace dlfiers scarcely at all from a com- 
mon reverberating furnace: the coke fire is placed to- 
wards the extremity of the hearth, and is only excited 
by the draught of the chimney which is placed at the 
oppodte end, furnished with a damper for the purpose of 
regulating the heat. The iron is laid upon a metal 
bottom, or, as is more commonly the case, a floor of vitri- 
fied sand, of a concave form. The £re and metal arc 
separated by a low wall running across the furnace, but 
leaving a sufficient space for the Are to pass over the 
iiDD: the door is on the aide, having in it a hole five or 
s indies square, through whicli the workman introduces 
b tools to stir ehout and work the iron. The quantity 
■ Tiltle metal put intotlie furnace at once varies, accord- 
■ '" - o to three and a half hundred 
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Ught j it is piled loosely in the midiUe of the furnace, 
1 U called a henl. In about half an hour after the 
It has been closed, and the full force of the fire thrown 
y, the mass begins to melt; when in this semi-fluid 
e puddler introduces an iron rod, turning and 
iDg the mass about, and occasionally throwing amall 
Mis of water upon It At this period the metal 
! in a state of fermentation, being covered 
h bubbles, which as they burst give ont little jets of 
1(6 01 Wue flame. When this evolution has gone on 
r cbont twenty minutes, the pasty consistency gives 



nay, and the tnctal ilisintegrnteii in a unguJar 
falling like river Baod, and exhibiting not die least t( 
ency lo cohesion. The meial now givea tr 
lurid vapour, upon which npjiearance the full force a 
■he draught ia thrown upon the fire, and the workmsi 
atire about the ctod of metal with his tools; and bcforei 
becomes a atJfT conglomerated mass, he dexterously aepa 
rates the charge into several lumps of the size of thre 
or four bricks : these lumps, when they have assumet 
that obstinate dotty consisteucy which the 1 
seek, and which the Shropshire puddlers calleomingint 
nalvre, are dravm from the furnace, and doUeytd, o 
beaten into cakes with iiammers,or passed through rollen 
according to the purpose for wbicli they are required 
These are again heated to a welding heat, and placei 
under a ponderous hamnaer moved by water power, axu 
called a stamper, by means of which the iron )■ per 
fected. In 18^9 > patent was granted for medicatinj 
the metal, by using, either in the smelting, refining, o 
puddling fiimices, about twelve or Bfteen pounds of i 
mixture of salt and potash in the preparation of the ir 
Experience seems not, however, lo have led to any 
aideration of this salted iron. 

T/ie Forge. 

The earliest and most simple contrivance for rednciqi 
maaseg of iron into bloom as well as into bars, what tlv 
aid of machinery was brought in, was the working of , 
forge hammer by means of a water wheel. The ci 
arrangements for this purpose, as they exist in a 
OUT older estiiblishmenta for tlie conversion and workin 
of iron, are as rude as they are effective. The annexe 
cut will assist the reader, who may never have r 
the interior of one of these forges, to conceive diatincti; 
the conatniPtion and mode of using one of these power 
fill agents in the hammering of iron on a large scale. 

The hammer is represented at A, Jig. IJ.; theahafl a 
helve is nine feet in length, and thirty or forty inches it 
circumference, made of ash, and clamped at inteivalf 



It atont iron hoops. The head through which it 
es tu [he mmitier of a commoti hammer shaft, is of 
iron, and weighii seven or eight ctcts. At the oppo- 
extnsnily this helve passes tlirough, and is firmly 



fiateoed with wedge* into, a massy collar of cast iron, 
called the hutst, the two projections or pivots of which 
form an axis for the hammer^ and work horizontally in 
and between iJie limbs of the support B. 

C is a strong but elaetic rabbet or spring of timber ; 
it is somewhat lighter and longer than tlie helve, but 
like it made of tough ash and bound with iron hoops : it 
la bolted tlrmly to the post or puppet D, and likewise to 
Hie frame B through which it passes : its use is, by b«- 
s spring, to send the hammer down towards the 
1 with a degree of velocity greater than that with 
h it would fall by its own weight merely, 

.ear extremity of the water-wheel shaft E, 

h extends in a direction parallel with the helve., and 

ing nearly to its head, is iixed a ponderous circular 

t iron, F, about four feet in diameter, techni- 




: holes 



It this 



efor 



Ttion of four knobs or blocks of wood, and these 
d with iron on their acting surfaces. To give 
to the hammer, the water is thrown upon the 
I, the shaft revolves, and the arras or knobs just 
1 as projecting from the periphery of the block 
I they are inserted, catch the helve under the 



beily and lift it agftinst the rabbet ; and, canstantlf | 
ceeiling in theii revolutian, the liammer risea and 1 
Upon the anvil G with a rapidity proportioned to tli* . 
locity of the water wheel and the circumfereoce of I 
lever block on its shaft. The piteh or fall of the l|i 
mer between the rabhetand the anvil varies at diffij 
forges : it may be stated to be from sixteen to tm 
inches. In some foq^ the water-wheel shaft, inil 
of being parallel with the helve, is placed at a right ai 
with it, the hammer iti this case receiving its elerat 
impetus by the lever Ijloct knobs acting upon the tc 
or that portion of the shaft which projects through 
head of the hammer. An arrangement so obviously 
commodious as diat last describ<»i, and which ci _ ^ 
the forgeman to work only across the anvil, has georav 
given way to some better plan. 

The proprietors of the more recent eslablishmentB, a 
especially where steam is the moving power, have adopt 
various improvements: the cumbersome wooden &aii 
work of the old forges, including the timber, spring-pc 
and hammer beam, has been generally discarded, a 
along with cast iron supports of all kinds, i 
has been introduced : this is a ponderous cast iron ti 
through the head of which is inserted the actual h 
mer, which, by this contrivance, admits of being remoi 
nhen worn down, and of being replaced by a new < 
without atFecting the helve itsell'. These hammerg,! 
atead of being lifted by an application in front ta a 
aide, are elevated by the operation of what the « 
men call a cam, revolving under the belly of the hd. 
as represented in fig. 18. This contrivanc 
two or three steel-faced levers, each half-cre 
and turning upon an asia, so that as they a 
sion upon a prqjeetion under the throat of the helve, t 
latter is made to rise and fall as reqiured, making ah 
150 strokes in a minute. 

These hammers, the faces of which are generally ti 
large, having three degrees of projection, mostly w< 
upou an anvil, the surface of which is likewise dividi 



e parts ; the tint is ten or twelve inches wide, 
*'"' Sftftnd upaa this the ball or lonp of tnelal is Isiil to be 
* = •■iKngleU ; when sufficiently hrought together, it is rolleJ 
' ~ ■ ' narrow or cutting face, aoJ tliere drann out in 
; after which it is tinished on the middle or 

d sketch represents the large metal helve, 
■■king with two smikUer onea has been Bome ;eats 

Fig. IB. 
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the MiltoQ iron-wariie, in Yorkshire. It 

ihs about BIX tons, and measures in length, from tlie ' 

ic of the pivots or trunnions on which it works to 

middle of the head A, which is circular, nine feet 

tT^inchea. The hammer B, which is inserted, and the 

Aoe of which is divided, aa ah'eady menlianed, into three 

plrts, for the better performance of its work, weighs 

»\g)M cwt ; and the anvil C, which in like manner is 

fltKd into a cast metal block, D, is about the same 

might ; the anvil block itself weighing upwards of four 

lua. The greater part of this block, and of the frame 

E in which the helve works, as well as the cam Fihaft 

with its liflerH F, are below the floar-Une as indicated in 

the engraving by the dotted lines. 

Several new mechanical contrivances, particularly the 
liBinmer of Mr. Nftamyth, have been introduced 
into the manufacture of wrought iron with great advan- 
tage; but as these are, for the most part, of the same 
IHKTal character as those already described, it ia not 
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thought necessary to take any further notice of thena 
The following is the chemical composition of the severs 
varieties of iron. 



Cold blast cast-iron 
Hot blast cast-iron 
Best Swedish iron - 
English bar iron > 
Beit scrap iron - • 


Carbon. 


Phosphonu. 


SUicon. 


Manganese. 


SulfdlUT. 


4-770 

3430 

-293 

•285 

•245 


1-230 
•370 
•077 
•IkO 
•160 


•710 

1-750 

traces 

•230 

•210 


traces 

1-20 

traces 

»» 
«» 


tracn 

•1» 

none 

traces 

none 



Wrought iron, if of good quality, is silvery and fihrous, 
hreaking toughly, and exhibiting the appearance of a 
bundle of vvires. A small quantity of carbon, phos- 
phorus, or silicon increases the brilliancy of its lustre ; 
a dead colour indicates a weak iron, even though it is 
perfectly white ; coarse fibres indicate a strong but in- 
ferior article ; when, however, it is of a bluish colour 'it 
is considered the best for railroad iron. It has been 
stated that good bar or wrought iron is always fibrous, 
that it loses its fibres neither by heat nor cold, and that 
it will bear cold hammering to any extent. It is much 
doubted if this is correct, since there are experiments 
which appear to show that the most fibrous, and conse- 
quently tough iron, will assume a crystalline structure 
by long exposure to a vibratory motion ; and the action 
of cold swaging in particular is likely to produce this 
effect. 

Wrought iron, combined with cast-iron in the pig, has 
been introduced with good effect by Mr. Morries Stirling. 
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e made of scrap iron, of common iron, and 
D of cast iron ; and their relative value and prices 
n the order of this enumerslion. The latter aort 
efij used in the forges where iron is made, and 
le oilier porpoees in which the metal lo be ham- 
i npon tliem is either not very hard, or not re- 
' "» be beat out very thin, so as materially to affect 
;e3t the solidity of the anvil. In the fann- 
us articles of steel, and of table-knife 
it egpedally, none but anvils of the first rate manu- 
e sufficiently firm to endure the hard and in- 
llit beating to which they are subjected. For in the 
igof the Uades just named, there is a final hammer 
I called anithing, upon which much of the ulti- 
)dnc£8 of the article depends ; and as this pro- 
is place ivhen the blade is comparatively cool and 
L Hat rebound of the heavy hammer with every 
'■ 10 considerable, that the anvil must be perfect 
in it. Anvils even of the second descrip- 
twben used for such purposes as that last mraidoned, 
t nnfrequently seen to crack acroBs their entire 
; though for general porposea and for export- 
L they are in very large demand. 
p» blocks out of which iron anvils are formed are 
t the power forces, and consist of what are 
I to the trade by ihe a|ipellation of butts. TheK 
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butU are of various sitef, hdag composed of three 
four or more blooms, eolidlj welded together into 
bicol muB : in this state they are transferred 
maker, who brings tliem into the shape required by 
niense labour, welding on large projecting pieoei, 
cutting off Buperfluoufl metal with chisels, according 
the design he has in view. Some anvil-s 
of thus uniting the beak and the quarter 
feet, by welding pieces to tlie block, forge the upper pi 
of the body, including the beak and the quarter, 
one piece of iron, and the lower portion, with its ^ 
jectiona, out of another piece, as represented below. 
These parts, represented in Jig. IQ., are then we 
Fig. IS. 



together by the horizontal plane, 
which mode, by avoiding all vertical junctureBj Uie 
vils are said to be leas liable to iiacture, as well u h 
by this course much simplified in the manufacture. 
As it would be impossible either to menage in tlu 
a red hot anvil, weighing four oc five cwt. (and e 
weigh much more), or to transfer it to the seat i 
which it has to be formal merely bj the aid of to 
the workmen manage it by means of a long and e 
iron rod, fixed in a hole made for tliat purpose in 
anvil lump. This rod is suspended towards its fai 
end by a chain to a crane, the ann of which 
betweeti the hearth and the anvil^Eeat, enables the 
to moi'e the heated mass with companitire iuility, ' 



ich is Buspe&deil from the axle of a coHv, 

□ring on the superior aurface of the horizoDtal 

towards the lower end a dxcfc iron, upon 

ing ia huog, and which, by being fartened 
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lower, elevates or depresses the loop on the 
he height j-equired. For Bome purposes, and 
at nicet^f is an object, besides tliis cUck «nd 
•■ h also a screw reguUtor, which being turned 

of EL epanner, admils of the adjustment of 
il of chain with the greatest degree of re- 
mracy (_Jig. SO.), Tbt seat upon which it 
Ted is B sort of cast-iron bed, ni«ed about 
n the floor of the workshop, and having &t 
idngs in the eiiges to prevent the anvil from 
ea off during tlie application of lateral strokes. 
I excited by the double bellowa, made to rise 
f means of a cross-staff or lever, the motian of 
ommunicated by a man who turns a fly-wheel, 
wwer can be had, by an application to their 
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under boards of that ingenious but dmple 
the eccentric wheel, 

When the iron body of the anvU ja perfected in foi 
I plate of ;;oi>d steel, about an inch in thickness, is wel< 
upon the face, and astiiiii listed at the edges, till it 
comes perfectly united with the inferior niais. 

In hardening anviU (as well as large hammeis) 
maES is not suddenly immeraed in water, as is the I 
thod with articles of ateel generally ; auch a course i« 
so large a body would be unsuccessful, as the ebullit 
thereby caused would be so great, that the steel wo 
be prevented from coming into that immediate coni 
with the water which is necessary to produce hardiu 
Instead, therefore, of instantly plunging the anvil, it 
suspended by chains, and lowered by mean, 
lass into a tank, and u stream of water from above 
then suffered to run upon the steel face, until the III 
be sufficiently cooled ; and, as it becomes tempered 
the heat remaining in the body, it is dropped into I 
water below, and quenched till it iKcomes quite add. 

The anvils upon which steel articles are to be fe 
are generally fashioned at the bottom merely in the 
of cubes for inserdon, by means of wedges, eitbl 
stone or wooden stocks : a blacksmith's anvil, on 
contrary, as well as others, is ibrmed with a prqjeetl 
base, and buttresses at the comers, in order that it ) 
stand firmly upon the surface of a stock which b ah 
a! wood. Two other descriptions of ttocki, not in c 
mon use, were mentioned in the newspapers a few y 
a<;o ; the lirst a female, who suflbred a blacksmith's 
vil to be placed upon her breast, while a horseshoe 
actually turned upon it by the hammer 1 the other 
formed of ilie butt end of an oak tree, and was fixe 
a smith's shop, at a viDage caUed Gai^tave ; h 
this butt healthy stems and leaves continued to shoot 
some time, though both the principal roots and the b 
had been removed. 
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horsmiths hare long lieen acqimiiiied with (lie sp- 
in of the forge hammer moveit by insi^liinery, ai 
J Ip ihe cuinmon sletlgs hammer, in tlie form- 
le ponderous articles of their trade upon whicb 
Y of such a large ainount of life and property 
BO materially depends. The use 
s almost ae ancient as the art of navigation 
'. The earliest known contrivances for the fastening 
Is could, itideed, scarcely with propriety be called 
, as, according to the Kstimony of various au- 
IboTB, tlicy consisted merely of sand bags, or metal 
Teights, appended to Topes, and dragging on the bottom, 
IS imperfectly to detain the ahips, as the dra|; might 
n umply to lie upon or partially gunk into the 
The term anchor, indeed, from the Greek 
(, emoked, was not strictly ijiplied by navigalore 
mplement, of so much importance to them, be- 
e made of metal in the form of a hook ; an im- 
ir rather invendon, which Pliny ascribes to 
, and which hta likewise been, by other 
, attributed to various nations and inilividualH. 
|e antiquity of the dauble-anned anchor, aomewhat 
mUing that commonly in use, as well as of the other, 
imote that its origin is equally invoI^ed in obscu- 
d fable. As the progress of a spirit of adventure 
^ or commercial speculation increased the vessels in hulk, 
uil urged (heir departure into remote regions, the anchors 
which ihej carried with them became objects of increas- 
ing anidety. Hence modem Bhiphuilders and anchor- 
niths have devised various alterations and improve- 
nenla in the lashion and materials of this essential 
■ppendage lo every vessel of considerable size. In form, 
however, there have been, strictly speaking, but few and 
juoonaiderable deviations from the figure generally so 
well known, even to those persons who never sawn ship; 
until of late years, when not only has great attention 
ken paid to ibe selection and combination of materiala 



ill ihe formation of anchors of llie usual eliape, but in 
com|ilex methodg of fabrication have been succesdvdj in 
Inxlpced. 

the constituent parts of tlie comtnon anchor are tl 
■hsiil:, the stock, the ring, and the two curved arm 
with their fiukes. In the common anchors of most Ei 
ropean and other mercantile nations all these parti u 
of solid iron, except the stock, which ia gener^jr con 
posed of two cheeks of wood, fastened together bj mm 
of hoops, and treenails, sometimes of metal, and 
fixed through or across the upper part of the ahanlc, i 
right angles with the arms, in order that, when it reachi 
the bottom, by lying horizontally, it may tend to giye 
groundward direction to the flukes ; so that when one i 
the latter is fairly imbedded the stock lies flat upon tl 
ground. The Spaniards, and some other less dviliM 
nations, have used anchors made of copper. 

Various rules and proportions have been ^ven 1| 
different writers, as proper to be observed in the fern 
ation of anchors. Aubin, in liia marine dictionar 
■ays that the length of an anchor should be four tentl 
of the greatett breadth of the ship ; so that, supposing 
Tessel to be thirty feet wide, the shank of the audi 
would be twelve feel long. Manwaring, another ■ 
tliority, proposes that the shank shall be three times t 
length of the flukes, and half the length of the bet 
It is admitted, according to a principle of hydrostMi 
that within certain limits a heavy vessel is detained 'by 
smaller anchor than a light one of similar sisie ; becanl 
although the bulk offered to the power of the tide be t 
same in both cases, the resistance will be inversd^ > 
the buoyancy of the two bodies in the water. M. Bougf 
a French author, in his " Traite de Navire," bu la 
down the following proportions: — the two arraa shoa 
form the arch of a circle, the centre of which i; 
eighths of the shank from the vertex or point wiie 
they are fixed, and each arm is equal to the same lengl 
or radius ; so that the two arms taken together desoril 
an arch of 120 degrees: the flukes are half the length 



IS, and their breadth two lifchs of lh« aaid lengtL. 
The thickness or circumference at the throM or veriex 
of the shank is generally a fifth of its lengtli, and tlie 
imiill end two thirds of tlie throat : the araall end of the 
WTQB of the flukes ma; be three fourths of the circum- 
ference of the ahank at the throat. Different anchor- 
I nukerE, however, have their respective rules of propor- 
; and when the iron is of an inferior quality, and 
I opedally when cast iron Is used, the dimenaione will be 
1 required considerably to exceed those given. For an 
r weighing four tons, which is about the largest 
I ate^ the following formula may \ie given : — 

"ength of shank, nineteen feet six inches; length of 
<, six feet six inches; breadth of the palms, tliree feet 
I two inches ; size of the trend, nine inches and three 
!e of the small round, eight inches snd a 
' qiiuter; outer diameter of the ring, thirty-eight inches ; 
ihickness of the ring, four inches. Some of the cast-iron 
■B carriedbyiheshipsof war weigh nearly five Ions. 
^ry large ship has divers anchors ; the three prin- 
ines, however, are the theet anchor, or that which 
|i called by the ancients aachora saera, and the best 
1 lecond bower anchors, so designated from (heir 
ituations on the bows of the vessel. 
r be the eonsCructlon of anchors, two im- 
it desiderata are, tenacity snd stiffness in the ma- 
k deficiency in (he former of these quaUties 
e anchor extremely liable to break when sub- 
1 to those heavy strains which they are so fre- 
' r required to withstand, when large vessels arc 
a (he influence of wind or tide, and sometimes 
e united violence of both. Too great a degree of 
1 the other hand, creates a risk scarcdy less 
W apprehended, from the straightening and conse- 
It detachment of the arm of the anchor from its hold 
1 ihe bottom. To unite these two properties, te- 
Y and stiShess, with the least available weight of 
, forms the principal feature of modem improve- 



In order to Beoure these oluccta, various plans Ii 
been propnaecl, and patents obtained bjr ingeniouH ii 
fiduals. Among other metliods, il has been recommen 
to make the ahank hollow, and insert therein a woo 
core, and likewise (o make the anchor of sererol piea 
as well for tightness aa for convenience of manulseti 
and Btowitge. A patent for an ingenious article of ll 
description was, in 1833, granted to a ehip-builder 
Stepney of the name of Hawke. An extract front t 
specificatimi of this artist will serve to illustrate the n 
lure of the iunovaliona alluded to. The anchors 
present in use are made by forming the shank and ll 
arms on flukes separately ; they ace then, when of 
welding heat, united together by hammering, and tl 
cable is fastened to a ring or shackle, pBGsed sidewa] 
through the shank at the upper extremity. The st 
if of wood, are let or scored over each side, and b 
and hooped over the shank of the anchor; if of iron 
eye for their reception is punched through the Aui 
the anchor. 

The improvements asserted in Mr. Hawke'a p 
consist in forming a part of the shank and all the flul 
of one piece in the length of the anchor, and bendil 
them to the form required ; and should the bars of ii 
not be manufactured long enough, they are to be weldef 
and the welds separated in the number of bars that tl 
sufficient to make the si^e required. Parts of anchol 
thus made will not be hable to bad welding, or to ~ 
burnt hj the intense heat required to make the wd 
the iron likewise by this process will experience s sevd 
trial in bending. The shank is to possess flanges aid 
its sides, or a channel dawn the inner surfaceof the t 
sides, to admit the chain or bolt to pass throngli ; S 
an eye is to be opened on each side or piece of the dot 
to allow die wood stock to pass through, which si 
to be made round or otherwise in two halves, i 
pass each way with iron shoulders on each piece, s 
when hooped it cannot get out of the eye of the aochi 
Three or four fluked anchors are to he constructed^ 



I Bimilsr msDiier. The annexed fignres will 
pencu mare perfectly to understand these im- 

ncbor as shown, in fig. SI. is fornied with a 

Fig. BI. 




'e down the middle for the cable to paes ihrough, 
'i, if of chain, is attached to a ring a; if of 
p, it may be knotted or otherwise : b an eye or open- 
to receive ihe stock ; i; la a piece of chain laid in the 
ring or ahacble d at the crown end is for 
* buoy rope, and by it the chain is held fast. At 2 
'lown ■ Btout iron rod, which may be used far the 
i purpose as the chain. At 3 is represented the 
^k as united by the hoops at each end ; and * and 5 
IB such as are driven over the sbank to keep the 
;k» together. 

I patent for a compound anchor, not differing ma- 
lUy from Mr. Hawke's, was granted i 
itenant Rodger of the royal i 
)Uow slunk, which was to re 

, with the stock, f 
t bolted together ; and thus 

1, affording greater facilities for welding the fluked 
M to rfie sides or component pieces, these being much 
! portable than tbe entire anchor. One standard 
u alleged against these ingeniouB contrivances in 
' at while the increased workmanship addi 



It consisted of 
■e of wood, 
9 composed of several 
;, according to the pa- 
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to their expense, the^ do not «eeni c&Icukted to affii 
additional Eecuiity. 

Ac the Great Exhibition in 183] frere exhibil 
eaveral kindi of anchors ; those, however, of Lieateni 
Rodger were conhidered greatly superior to any othe 
ax insuring a bettt^r distribution of the metnl in ti 
direction of the grealcBl EtrainK. Tlie palm of t] 
anchor, instead of being flat, presents two inclined plsiu 
calculated for cutting the sand or mud insteul of mni 
ing jierijendicularlj ; and the consequence ia, that the 
new anchors hold much belter in the ground. T" 
committee of Lloyd's have resolved to allow for the i 
chors of the ships they insure a sixth less weight, 
made according to the plan of Lieutenant ttodger.- 
Than this thete can scarcely be a greater rccommeiidatioil 

The liesi anchors of the solid sort have long bee 
acknowledged to be those which are forged from bundla 
or scrap iron. For the introduction 
method in preparing the niatt^rial, the mannfactare . 
indebted lo Mr. Henry Cort, the individual who led t' 
way to the present all -important practice of paddling 
the conversion of cast into malleable iron. His Tnedt 
was in the making of shanks, arms, rings, and palms 
anchors, aa well as mooring and hridle chain linlcB, 
cause bar iron of sufficient length to be closely fagotti 
or bundled together, by laying, in the first place, at 1* 
bottom a broail flat bar of the width and length i 
quired ; upon this were laid either other flat bara, 
other descriptions of iron, such as old hooping, &c Th 
tnaterisls being arranged, the whole mass was boun 
together by cottars driven on light, or by strips of in) 
wrapped tirndy about the bundle. Several of these fa] 

gols being thus prepared, were placed in a comi 

furnace, or balling furnace, as it is called, and 
brought to a welding heat. When the heating « 
fected the faggots were withdrawn, either singly, 
or more to be welded together, as the case might n 
quire, under a forge hammer of 8 cwt. or 9 cwt. Wh« 
the faggots were too heavy to admit of this opent' 
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; convenienlly performed by hind, t crRnu was 
J, but generally two men, with (heir niiGislants, wouJil 
t masB i)( 3 cwt. by hand ; hfting from the 
te, and working it on the anvil belter than with 
e of the crane. The forging of anchors, 
er, is, under the best circumstances, a Riost la- 
■tiouB business ; but since ihe application of machinery 
fe the hammer, and the Introduc^on of a cantrivaace 
d Hercules and the monkey, or a crane similar to 
fU deacrihed under anvil making, the muscular exertion 

I the Lfling and beating of these ponderoua 

trticles is malerially lessened. Mr. Cort remarks, that 
bj a welding heal from Ihe furnace, palms may be 
brought on the arms of anchors under the forge hammer 
irlth greater certainty and better effect, than by the me- 
'n practice before his invention. He siaiee also. 
It be hat found that the fire in a balling furnace ii 
er suited, from its regularity and penetrating quality, 
■ giTe the iron a perfect welding heat throughout its 
I shale mass, without burning any part, than any fire 
blown by a blast; ineomuch that if bar, or other maasy 
inm, ia bound into a faggot of five or six inches dia- 
meter by an old cask hoop the sixteenth of an inch in 
thickness, the one will acquire a complete welding heat, 
and the other not be burnt or wasted ; whereas bar iron, 
faggotted and made into anchors or other large articles, 
in the method usually practised by anchor-smiths, ia not 
cumplelely welded to the centre, but rather covered only 
frith an incrustation of welded iron, and, consequently, ' 
more liable to decay, and many accidents, than will be 
the co&e with tlie iron which is perfectly welded through- 
out its entire substance. 

An anchor, advocated several years ago by a person 

of the name of Stuard, is represented in _^, 23. Having 

, bm one arm, it does not require welding, but may be 

a single pii'ce of iron ; it may also be made 

J ilrong, and yet nut weigti so much as a common 

Aor with double flukes, especially oa it ia made with 

* rt ihank; a is a small shackle, on the bend of the 



Bhank. to which the buoj tope is to be affixeil. 2. ig 
the stock, which is composed of two pieces of wron^it 




iron, forming a mandril when placed together throt^;Il 
tile eye of ihe anchor ; upon these are cast ]>eslles of pi) 



e of the otht 
r the}' form a compact 



'III, each hoUoweil U 
that when driven up together 
of metal. 

A BUbslitate for the common anchor for TeaselH ridinj 
in the raadsteaiis of our coa&ts, was projioEed in l' 
mooring block introduced some years since by Mlf 
Hemman, of Chatham. This block ie, in fa 
(ierous claw of caat-iron, weighing about 150 ci 
is about 60 cwt. heavier than the anchor of a tin 
rate ship. According to a communicaiion made bj tbi 
inventor to the Society of Arts in 181 1, the saving ti 
a ship of the line from the use of these blocks w 
out of 24-72/., the estimated expense of a pair of ni 
with anchors. Fig. 23. represents a perspective view 
the mooriug block as it appears when lying upon t 
ground. 

In 19£I, R. F. Hawkins, a Ken liih mariner, obtainei 
a patent for an anchor^ the arms and flukes of wbicll 
turned round in eyeholes at the termiciation of the 1 
until they formed therewith an an^le of about antj- 
tlegrees, in which position they were detained by a IhiA 
piece of iron, called by the inventor a " toggle." Whe» 
this anchor is let go, one of the ends of the toggle 1 




t»ct with the grouQiJ unH puts bolli fluk s in a 

a 10 enter ond tthen the alra n comes on tile 

Bble, ibe other end of the toggle by com g n contact 

~ie throat, &etE the anchor in its holiling position, 

th one fluke only, ae in ihe corainan anchor, but 

nib both. 

In the same year with the foregoing, another patent 

r " an improvement on, or snbatitute for anchors " was 

fnnied lo Mr. Chris tophersonj of London ; the prin- 

A"p^ novelty in this article coiiEisting in dividing the 

^^MUtncc of the shank into two, three, or four brandiai, 

^^U bttening them, by rivtticig or otherwise, lo the 

^^Hliog part, or wbal, in ordinary acceptation, might be 

^^Bed the flukes of the anchor. These, however, instead 

^Rrbeing at the extremity of arms, as usual, are compo- 

IDtnl parts of an hemispherical metal block, and coQSti- 
Uting, in fact, a sort of mushroom anchor. 
Mr. H. Gosling, a naval officer, proposed an anchor 
with five arms or flukes, and altogether without tbe com- 
Imon nooden slock or crosspiece j so that the flukes radi- 
adng from a centre were sure to take the ground, fall in 
what manner soever they might. — Its advantages were 
(Ihni staled : — 
1. That it is particularly calculated for a working 
anchor with a chain cable, as a vessel cm always ride at 
ungie anchor, without danger of fouling it. 
3. That it stows clear of a large ship's lower deck 
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ports ; not impeding a ship's way, as an anclidr with a 
stock does, particularly in smaller yessels. 

3. That a chain cahle will never fool it beyond the 
certainty of its clearing itself as soon as the strain ceases 
on the cable ; thereby not capsizing or taming the anchor 
over, but leaving it in the same position as when first 
let go. 

4. That a hemp cable must also always clear itself 
in the same manner, and leave the anchor in the same 
position. 

5. That by dispensing with the stock, there is not so 
much danger of the shank snapping. 

6. That it may be got on board for easing the ship, 
or for stowage, with much greater facility than the com* 
mon anchor, and does not require to be of greater weight 
than those at present in use ; for large ships, the shank 
31 cwt, each fluke 10 cwt ; total 81 cwt. 



p curiosity of the Bridah nation, which hail b«en lo 
li excited by the use of cast iron as a substitute for 
1 of bridges had scarcely begnn 
ibaide, when it was ^;ain called into still more poW' 
I by the application of wrought iron to a 
IT purpose, but on a principle implyiu); the exercise 
3ior ingenuity, and the nicest application of a 
je of the raedianical powers, and properties of 
e maierial employeil. 

Portable rustic bridges compcsed of ropes, so arranged 
' as to be bastdy thrown over a river to facilitale ihe 
I^Hisic of the native hackeries have long been known in 
Htadia: these, though differing so essentially in the aim - 
^■dC; of their formation, and the fragility of their 
^Hkterials, deserve, nevertheless, from their similarity of 
BfAiciple, to be consi^Iered as the prototypes of our more 
P ^borate and massy suspension bridges of iron. It has 
' indeed lately been asserted on anonymous authority, that 

(the largest iron bridge in the world is in China, near 
Kingtung, where it forros a perfect road from the top of 
one immense mountain to another : moreover, that it is 
fcrmed of twenty chains, bound together by cross chains ; 



ind ii 



e than 150 yi 



■sold. 



In tlie construction of bridges, 
principle of tenanty, the objects are 
theii' eevenl parts with a particular ' 



what is termed the 
to form and adjust 
iew to that impotk 
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tant quality of tile incttl, which diaptses i 
streiched, not merely to resist and keep its hold, but M| 
parently to draw or pull in a. direcLioD opposile t 
in which the furce [hat acts upon it ia applied. 
coDHtructian of cast iron brit^ea, tlie metal is g 
employed like any other merely hard or bulky si 
that is capable of having its pieces connected togethi 
and the several pieces of which are arranged to i 
piesa against each other, as if they possessed n 
property than their solidity, extenaion, and weight, 
the Southwark bridge, for instance, we see the plate« 1 
iron that compose the arch, cast on a similar plan 
arranged in a like order, and depending nearly in me | 
same way upon one another, as the blocks of stone in the . 
arches of Waterloo bridge, and requiring, in consequent J 
of that arrangement, a correspon^ng bulk and BCren 
in the piers and abutments, not only to bear the perp 
dicular pressure or gravity of the materials, but to afi 
an adequate resistance to what is termed the lateral pi 
sure, or bearing of the extremities of the arch upon t 
bases on which they resL In the consIructioD bowel 
of suspension bridges, the iron is made use of so thtt; 
property of tension shoidd be most advantageously el 
ployed, and the pieces of which the structure is compoi 
are so adjusted with a view to the mutual dependence 
tlie parts, and the independence of the whole, as to i 
minish the necessity of bulk, without injury to t 
strength of the fabric ; and to promote a proportion 
lightness in its appearance and effect, at the sj 
that it almost annihilates the lateral pressure- 




These principles will be clearly understood by an i 
spection of the shght sketch, jSj. 24., annexed, whit 
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allliougb it does not represent the actual appear&nce of 
I, will chow the itispoatioa of the mite- 
IjUi in their simplest com bin it lion. 

V^ A A are two states placed at proper disUinMs froto the 
:s of the stream dd either eide. Passing through 
le BittliCE towards the lop, the cliain B B B is extended 
LGwhat slackly, or so as to fall in a versed sine of the 
(quired curve, and pausing through low posts on each 
k to the mooring blocks at C C, is there fastened. 
ll'ODD shows a line of planks reaching over the river 
iLaai passing between the stakes; this foot-way is linked 
ft intervals, and thus suipended by perpendicular rods 
ires on both sides ; one side only being-shown in the 
The upper line of dots is intended to show thesur- 
V &ce of the water, and the lower line the bed of the river. 
} I'him this illustration it will be plain that the simple 
r downward pressure of a weight on any given 
I part of the bridge road, will he reduced in a certain rado 
I by distribution through the entire length of the chain, 
triiich draws or. strains from both its extremities, and, 
I CDnscqueniiy, ranat slightly traverse on a pulley in the 
perforation of the upright stakes. Hence, while the ma- 
terials retain their cohesion, and the faEtenings remain 
Ann, any pressure in the centre sufficient to alter per- 
ceptibly the form of the bridge must first overcome the 
corvilitiear direction of the chains, causing thereby a 
dip but not necessarily a disruption. 

Of course, the strength and weight of tile materials 
in B work of tliis kind, as in all others, must be adapted 
to the d^ee of pressure likely to be encountered, as 
well as for resistance tinder the collateral circumstances 
which may be expected to test its stability. According 
to experiments made in Russia in 1 824 to determine the 
tenacity of iron, and transmitted to this country by Mr, 
Ssule, Ann. de* Mines, X. 3 1 1., it was found that the best 
iron supported twenty-six tons per square inch, without 
b^ng torn asunder ; whereas the worst iron gave way 
lilnder a tension of fourteen tone to the square inch. 
inpog four bars of iron of a medium quality loge- 



ther, »n iron w«a ohtainert which diii not begin 
lengthen until sixteen tons had been appliedj and H 
ported s weight of tnentj-fonr tons without bi 
Hence It was decided by ihe Perersbutgh corr 
appointed for the purpose, that the thicliueas of d 
a suBpension bridge should be calculated to tl 
maximum weight to be borne should not be more t 
eight tons per square inch ofscciional surface; and d 
Ijefure being used, tbey should be Eubjected to a t 
sion of eixteen tons per square inch, and bear it vitbi 
■ensible elongation. 

Experimenia made to discover the resiElance to leni 
possessed by malleable iron, have, as might be expecU 
produced various results. In the greater numbei 
cases 80,000 pounds to the square inch has been gin 
and in none, where the material was sound, un 
.50,000 pounds ; so that about 6o,000 pounds ma; 
talieo aa the average : and according to Tredgdd, 
materia!, as Einersou had previous!; concluded, dio 
be put to more than a third or even a fourth of 
weight that would break it. Generally it is admit) 
thai, besides the little interruption caused t« the flow 
the current by means of piers, and the slight int 
[ion caused lo the navigation of a river, as well. as 
saving of time, one half of the iron may be conndii 
sufficient for the construction of a bridge on the : 
pension principle, tlist would be necessary for one of 
same aize on the ordinary plan. 

The following Uhles are from the RBporlo/the C 
mUtionerg appointed to inquire into the appiieatiiM 
iron to railway sli-iiettire». 

From the extent ol the experiments made by Profei 
Eaton Hodgkinson and others who assisted the ct 
sioners, we can do no more than p''^ » selection ft 
the reports. In this selection, we have been guided 
peculiar dlSbrences in the result, without any refere 
to manufacturers or localities. 
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iMMOiiptioii of If on* 


Breaking Weight 

ID l^DS. 


Breaking Weigh per 
Square Inch of 






Section, in Tons. 


Lov Moor iron, No. 2. 


67,667 


6-901 


. Clyde iron. No. 2. 


74,835 


7-949 


BlaeiiaTon iron - 


79.315 


7-466 


Calder iron 


64,083 


6-131 


Coltness iron 


78,419 


6-82 


Brymbo iron 


63,579 


6-440 


Bowling iron 


63,579 


6-032 


Tstalyfera iron - 


55,067 


5-602 


Tniscedwyn iron - 


60,443 


5-959 


Mr. Morries Stirling 






iron* - - - 


87,827 


11-502 



Caushing Stakmgth of Cast-Irons 









Mean crushing 








Weight per 


DeKiiptlon of Iron. 






Square Inch 
of Section, 
in Tons. 


Low Moor iron - 


• 




. 27-004 


Clyde iron 


- 




. 42-825 


Blaenavon iron • 


. 




- 38-263 


Calder iron 


. 




- 83-075 


Coltness iron 


. 




- 45-091 


Brymbo iron 


- 




. 33-592 


Bowling iron 


• 




- 33-508 


Ystalyfera iron 


• 




- 43-635 


Tniscedwyn iron - 


• 




- 34-430 


Strxkgth of various Kinds 


OF 


Fig-Iron. 


I. South JTelsh Cold-Blast Pig 


^"Iron. 








Breakine Weight 
in Lbs. 


Pontypool - 


- 


- 


- 8,120 


Crawshay - 


- 


* 


- 7,410 


Porthcawl - 


. 


. 


- 6,300 


Blaenavon - 


- 


. 


- 6,730 


Tsulyfera - 


- 


m 


- 6,680 


Maesteg 


- 


- 


- 6,010 


Nantyglo • 


- 


- 


. 5,770 



* This, ai preriouily stated, was a combfa:iation of wrought and cafU 
a. 



i. SciiiA IIot-Blnat Piii-lrur 






Clyde 

Cslder 5,SSO 

GaiUheirie , - . . s.sflo 

LBDgloan . . - . - S3A0 

Dundyvsn - - - - 4,4 BO 

The following result of an experii 

chains, lately mBiIe at Manchester by the London 

North- Weatem Company will be of intereal. 

Bent SlaffbriiBhire iron. First experiment; 
of chain 1 J- inch, alretched 3J inch; broke with 27 
10 cwt. 

Best StafFordahire iron. Second experiment ; diimei 

of chain 1 J inch, stretched 4-^ inch ; broke with 85 101 

Low Moor iron ; diameter of chain 1 J inch, atretchl 

7 inches; broke with 55 ton? 16 cwt. 

Some important experiments are reported 
American periodical, which were made with a ^ 
testing the strength of tlie iron manufactured &<»n I 
Franklinite ore of New Jersey. The following are tlw 
reported results. 

Best Swedish bar iron 



Infeiio 



Franklinite 



It appears, from a description of bridges of Buspenngi 
communicateil some years since by R. Stephenson, eaq, 
civil engineer, tothe "Edinburgh Philosophical Jonnidt 
that the &XSI chain bridge constructed in this coimfiy 
believed to have been one over the Tees, forming bgoi 
municalion between the counties of Durham and Yoi 
It is auppnsed, on good authority, to have been erecti 
about 17ili and is (te^cribed in Hutchinson's " Aotiqii 
ties of Durham," as " a bridge, auspondeil on iron ch^ 
stretched from rock to rock, over a chasm neat sixtj ft 
deep, for the passage of travellers, particaUrly minei 



12!) 

idge ia seventy feei in Icngih, and little more than 
)t broad, with b band-nil on one side, and planked 
er, ihat the traveller experiences all the 
on of the chain, and sees himself tui- 
|ed over b roaring gulf, on an agitated and rest- 
^ngway, to which few strangers dsre trust lliem- 

B I8I6-I7, two or three bridges of iron wire were 
icted ; the first by Mr. Lees, an extensive woollen 
It Gataahiela in Scotland. This experi- 
t, although made with slender wires, and neei^sArily 
t in its conslruclion, deserves to be noticed, as 
a practical eKamplt: of tlie tenacity of iron to 
These wire bridges were suspended, not upon 
larian principle so successfully adopted in the 
I works subsequently undertaken, but by means gf 
mal braces, radiating from their points of suspension 
thcr side, towards the centre of the road-nay. The 
e fabric next mentioned was constructeil on 
ive principle. 

inoQg the earliest practical exhibitions of this novel 

'n the United Kingdom, may be mentioned 

incommoDly elegant and light chain brid^ which 

ISI7, for the convenience of foot passengers, 

over the Tweed at Dryhurgh, by the earl of 

. Its length, between the points of su^ension, 

fS6l feet, being couaidered the greatest span of any 

f in the kingdom. This useful structure, the theme 

eh just applause, and which harmonised so finely 

I the far-famed scenery of Dryburgh abbey, was eii- 

y destroyed by a tremendous gale of wind, at the 

bning of the year following its erection. 

'1, however, was the utility of Dryburgh bridge, 
I compared with a troubtesome ferry, even during 
t experience of six months, that lord Buchan, 
b whom had fallen the whole expense of the former 
e (iOCM.l, without hesitation directed that it should 
itored immediately. This was accordingly donG) 
i a better deiign, for the aUditionul eum of about J 
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3902., and in leas tbau three monlliEit nai again opem 
to [he public. The new bridjite was coiiElmcled up* 
the catenarEan principle, the road-way being suspendi 
by perpentlicular roils of itan. 

The diaagter attending the first ereclion at DrybuTj 
did not deter British ingenuity and pereeverance fra 
the cammen cement, in another giart of the kinfcdom,' 
another siruclure on tb« same principles, but still ma 
magnificent in its design. Thi» was the famoas bri^ 
over the straits of M^nai, and uniting Wales and Angl 
sea. It was designed and erected by Mr. Telford, wi 
had already distinguished himself in the same nelf^ 
bourhood by the construction of the saperb aqueduct OV 
the vale of the Dee, calleil Pont Cyssylttir. 

An account of the progress of this Etiipendous vmrk 
art, exhibiting, as it does, the application of mallett 
iron on the largest scale, must be acceptable no le 
record of the triutnph of science, than as a narrafiTe 
general interest. It is derived from the account by E 
Pringle, who leBided in the vicinity of the bridge, n 
attended regularly to the progress of the structore. 

The first operations of the wortmen took place : 
May, J619i and consisted in blasting the rock u" 
Tnys-y-nuch, which was then only accessible at 
water, in order to farm a solid foundatiou for the v 
main pier on the AngleEca side. For this purpose, in 
few months afterwards, the intermediate space betm 
tbe Angtesea shore and the rock was filled up with a le 
porary causeway of atone-work, wide enough to admh, 
a rail-roait for sledges drawn by horses, and which be' 
considerably elevated above high water mark, affi» 
the workmen an opportunity of passing and repua 
to their various occupations at all times without hint 
ance. Previous, however, to the shutting up the HM 
gation (as authorised by an act of par!ian:.«nt), for t 
purpose of carrying the suspension chains over withol 
interruption by vessels passing through the struts, tl 
temporary causeway was taken down, and the chani 
'b considerflbly deeper and wider than before, *■ 
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wliidi means coasting vessels nf a moderate tonnage were 
, for the liiiit time, enabled tA pass through this 
ow strait with perfect ease and safety. The impetus 
of the tide in this part of the strait is at the rate of five 
miles (ler hour. 

The temporary causeway being completed, and the 
Tock rendered level by the aid of masonry, the first stone 
of this Bslonishing work was laid privately by Mr. W. A. 
I, the resident engineer, on Tuesday the lOlh of 
August, J819. In the autumn of the same year the 
preparations for the foundatioTi of the south main pier 
on the Caernarvon side were begun. 

s pier, from the depth of its foundation {Beveii 
feet), exceeds considerably the one on the opposite ^hore 
both in masonry and workmanship ; a distinction which 
ery apparent at low water, The four arches on the 
Anglesea side, which for magnitude and grandeur can 
hardly be surpassed, were begun early in the spring of 
1820, and completed in the nutumn of 18a4, This 
irork is built of a grey marble, procured upon the sea- 
shore >". E. of the island of Anglesea, on the properly 
vf lord Bulkeley, for which his lordship was paid six- 
pence per t»B by government. 

After the completion of the seven large arches, the 
imaller ones intended for the road-way were constructed, 
eacti being fifteen feet to the spring of the arch, and 
nine feet in width, through which carriages, &c. were to 
pan. When the arches were turned, the suspension piers 
were further elevated, tapering gradually in a pyra- 
midical form, to the height of 53 feet from the level of 
the roail by solid masonry, each stone being bound by 
iroD dowels from the top to the bottom of these piers, to 
■nt tb^ being separated or bulged by the immense 
« i>f the suspension chain. 

next process was the iron department. On the 
e height of the suspeusion piers are placed the 
I bbcks or saddles (with wrought iron rollers 
a biislies) for the purpose of regulating the con- 
1 and expansion of the iroUj by moving them- 




I 

them- ^ 



selves eitlier way as may "be required, according to tbe 
lemperamre of the stmospliere, without causing the Icut 
derangement in any part of the work. Tliese rollerEait 
most ingeniously conBlructcJ, and form a deBideratum in 
this line of bridge building. 

In order to form a permonent seat, ^ssp. or hold for 
the iron frames, to which the lower or extreme ends of 
ihe suspension chains were to be made fast, three oblique 
cavities or openings, of a circular form, and about at 
feet diameter, were made by blasting in the natural bodj 
of the rock on the Anglesea side, leaving a considenbb 
width of rock for the suspension chains. These ei- 
cavations were carried dovrn like an inclined plaiw to the 
depth of twenty yards. 

This being accomplished, a connecting avenue or 
chamber was formed horizontally at the bottom of tiw 
cavities, sufficiently capacious for the workmen to fix 
the iron frames, composed principally of flat cast-iran 
plates, which were afterwards ingrafted as it were into 
the nstural rock, so as to hid deSance to any stress that 
might bear upon them, and to be immovable unleit tbe 
solid rock itself could give way. A similar mode of 
proceeding was adopted on the Caernarvonshire side. 

The snspension chains, which are made excluiively 
of wrought-iron, being firmly secured and made fast to 
tbe iron frames just mentioned, the chain bars, etch ten 
feet in length, were then laid down by placing five 
together — equivalent to one breadth of the chain, and 
earned on by consecutive lengthe, joined by flat inm 
plates and bolts, to the apex of the suspension pitn, 
supported underneath all the way up by a temporary 
frame-work of strong timber, the upper end of the chuoa 
resting on the cast-iron saddles which had been placed 
there to receive them. A similar course was purBoed 
widi the ascending portion of the chain on the Caeniar< 
voDBhire side ; only that from a difference in Ihe ground 
ihia reqtiired to be lengthened by additional chain " 
Itom the apex of the pic' perpendicularly nearly tn 
water mark. ~ 
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Od die 96th of April, 182^, the first chain of (he 
I curred ptrt of this stupendouB work was thrown over 
1 die ttr«its of Menai ; the day vts highly propitioua, 
I and the joy of the interested specutora, ns might be ex- 
I peeled, very great A larger concouise of persons than 
's belieTcd ever assembled in the situation before, 
I crowded the Angleaea and Csernarvon^hire shores, id 
EDeEuch as their ancestors never conceived. 
(Mr. Telford attended tot«e this part of his grand scheme 
effect. Soon after noon, it being half-flooil 
t, the raft, which was 4^0 feet lung and 6 feet wide, 
n the Caernarvon side, and which supported 
|l part of the chain intended to be drawn over, began 
e slowly from its moorings, towed by four boats 
e of the river between the two grand piers: 
1 the raft was brought to its ultimate situation 
a in about twenty minutes), it was made fast 
everal buoys anchored in the channel for that pur- 
The part of the chain pending from the apex of 
ftnupenaion pier was then made fast by a bolt to the 
pof the chain lying on the raft. Tlie nest operation 
k futening the other extremity of the chain, still 
g on the raft, to two large blocks for the purpose of 
louling it up to its intended station — the apex of the 
napendon pier on the Anglesea side : the tension of the 
duin at this time was forty tons. When the blocks 
««« made secure to the chain, two capstans and also 
two preventive espslans commenced working ; each cap- 
Q being propelled by thirty-two men, two fifera regu- 
Itdng their steps, and enlivening itie scene by playing 
n appropriate tune. The chain rose m^estically, and 
beforu five o'clock the final bolt was fixed amidst the 
hearty acclamations of the thousands of spectators who 
ifarooged the ground on both sides. Not the least ac- 
cident, delay, or failure of any kind occurred throughout 

On the completion of the chain, three of the workmen 
had the temerity to pass along iia upper turface, which 
{onus a curvature of 590 feel ; ihe versed sine of the 
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arch is 43 feet. On llie termination of the daj'a ] 
ceedingB, the workmen. 150 in number, were rcga 
by order of lie right honourable llie parliamentary o 
missioners of the Ilolyliead road iiaprovemeDtE, with 
quart of crw da earh. 

The other Gtleca diaios were carried over in as mail 
days ; the entire hne of EUspension being completed 1 
the insertion of the last bolt on the 6th of Jtdy. Tl 
chains being all adjUEtt^J, and placed equidistant to eat 
other, the vertical rods were fastened to thera : the low 
ends being flrmly bolted to the iron sleepera, on tram 
verse rod bars, each vertical rod and sleeper being plaw 
longitudioall^, five feet apart. There ore 111 of ibei 
sleepers, to each of which are attached transversely fi 
vertical rods, making the whole number of rods betwee 
the suspension pier 444 

The next process was the formation of the roadways 
these conaist of two carriage lines, each twelve feet broad 
and a footpath, four feet wide, i 
them, incloEed all along by an iron railing to present 
passengers from accident. 

On the 30th of January, 1S26, this singular slructore, 
which during its progress had excited so much attention, '• 
as well from its novelty m its magnitude, was opened te 
the public hy the London and Holyhead mail c 
passing over with the bags for Dublin. About 50<M 
peraons who were present were then allowed freely h 
parade the platform for several hours. On the lat o 
February the first three-masted vessel passed under tb 
bridge, with all her spara up : her topmasts were nearb 
as high as those of a frigate, yet they cleared twelve tee 
and a half below the centre of the roadway. 

In 1 828 a magnificent bridge, on the auspeuaioi 
principle, was completed over the Thames at Hammer 
emitli. This handsome as well as useful fabric canan 
of one curved or versed sine, similar to the Men 
bridge. .The links, were *U previously tested to 4'5 to 
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In this example of the appliration of malleable iron, 
pieces were from ihe Brierly Hill, and about 
pieces from Ihe Gospel Oak works; the remain iler, 
lulling most of the partii;ulac pieces, was executed at 
fi^rges of the Glamot^n shire firm af Brown, Leddx. 
Co., where the iron-work for the Union bridge over 
Tweed, the Brigbioti chain-pier, and other euspeti' 
I bridges, was manufsclured. The bars fur the 
ins of Uungeiford Bridge were manufactured by the 
1 of Sandys, Carne, and Co., Hayle, Cornwnll, 
tl ma? be added, that the chains of the Hamnier- 
th bridge were farmed of wrought-iron bars, made 
B the best iron, welded toother of thin flat bars 
ler a forge hammer, until the entire length and 
pewere produced withcjt a shut. In the i^titre 
t of the end of each link or bar, as is already stated, 
dl hole, of S^ inches diameter, was drilled out of the 
d, so that the iron has not been subject to any of the 
KtivenessaDduncertaintyiu the manufacture, so usual 
Se common m*!e of forming chains, or |iunching 
H in iron, by which it Is very much weakened by 
IpressJOQ and distension ; and as great accuracy was 
ewrr, that each bar should have its due proportion of 
linwhen put together, they were packed in parcels of 
M and si^c links, and bored through, by which means 
greatest accuracy was obtained. The principle upon 
iA the links of the catenary chord Js formed and 
led, restmhles that displayed in the chain of a corn- 
It watch, especially if the parallel pieces of ttie latter 
Mipposed to be considerably elongated and pinned 
Hher in threes and sixes, 

A chain bridge erected by subscription at Morpeth, 
Northumberland, in 1827, fell down three years 
Ervards, on the following occasion ; — There were 
K mountebanks in the (own, and they were perform- 
; 00 a piece of waste-ground on the south side of the 
(r, called the High Staniiers : after the performances 
re over, as the crowd was returning by thechain bridge 
tile foot of Aldgate, it came down with a tremendous 
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crub, by reason of the great weighl of t!ie persoiiB ojioii 
it, and prccipilated ibem into the riTef. Several ebiU 
ilren'« arms and legs were broken, but fortunitdj no 
livea were lost. 

Several suspenBion bridges have been most seriecBly 
injured by strains, produced by ihe irind. The chain 
pier at Brighloti nas eonsiilerably damaged during ■ 
violent storm, which occurred on the 15th of Oclobrrt 
1833i many of the suspendiug rods being broken, . 
a considerable portion of the roadway in two of 
diviBions being carried away. The suspenaioii bridge 
at Montrose had one third of the roadway, or pbtfoim' 
of the bridge, carried entirely aw»y, October ] 1. 1888. 
Ootheythof January, 1839, by Bheavy storm, more than 
one third of the Euspenaion lods of the Menu bridge 
were broken, and both tbe carriage ways rendned im- 
passable ; nearly 300 feet of one of them being broke». 
away. During the height of 
served to traverse the platform in an oblique diree^on, 
the hdght of which was estimated by the bridge keeper 
at not less than sixteen feet. The motion was observed | 
to be greatest about halfway between the points of siu- , 
pension and the centre of Ihe bridge. The wave in- 
creaaed in its progresa from the lower, until it Btlained' 
its maximum altitude near the first ^oariu, and at thtf 
same instant the extreme depression was near the thinll 
quarter. The wave then gradually diminished to thtf 
centre of the bridge, and afterwards increased to tits' 
third quarter, where it attained its greatest height, ak 
tbe same time as the first qnarCer was most depresscA 
The platform and the main chains were equally subject! 
to this undulatory motion. 

A suspension bridge at Brougliton, near Manchester, 
was broken down in J SSI, in consetpieace of the vibr»> 
lion occasioneil by a comjiany of about 60 solitiera. 
marching over it. One of the chains suddenly broke, 
and the whole of the men were precipitated into the. 

1 propagated in the cbaibtf 



CHAP. VII. DUNGERFORD BRIRGE. 137 

■md placforrns ire thus shown to be of the most serious 
Mimqiience, »nd ihc inBlBOcM given show llie necesaity 
of adopting means for prerentirig, as far an poasibiu, this 
tendency to vibration. It is important to render the 
platform as stiET and rigid as possible, and, further, to 
Gonnect the chains on each side of the bridge so together 
as to constitate easentially but one chain, u in thoee of 
Uiingerford Bridge, so that, their weight being greater, 
they will require a more considerable force to put ihenj 
in motion than when the chains are separate as in tlie 
Mmai bridge. The following are the proportions of 
the several parts of ihe — 

HuNCERFono Bbidgi. 



HtightofpieM - 




SO feet. 


IHrt»oce between centres of piers - 




SI : 


Dirtance bttween abutmanls 




DtBeclion of chain 




» .. 


Kseofironintbelinls - 


7i 


cb« + I ioeh. 


Unglh of the linlu vary with the cat 


nary 




cunes, giving a dlsUiice of Iwent; 


feet 




horiionlal between two vertical 


.nea, 




passing tiirough the joint fital, giving a 




nuifoim distance to all the suspc 






Hxli, which are placed two to the I 


uKth 




sfone Dftheso links, or ten feet aiiunder. 




Humber of links • 




2600 


Wright of links about 5^ cwt. each o 












DiEtneter of joint pins 




4J ineheiL 




hain 




at the piers equal in area lo 




312 »q. in. 


At centre of tlie tpan 






Ulal weight of chain about 




720 tons. 


Vidlh of platform 




I4f«t. 


Height above high water in the cent 


re of 




the span 




?: 


Weight near the piers - 




BiM of curve - 







The chains of the Priboui^ bridge are composed of 
U assemblage of wroiight-iron wires formed into a 
bondle or cable, but not twisted ; each cable is composed 
ds containing each SG wires, ant 
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genious models of a Euepension railway itnd bridgl 
These models having bten introdnceit to the notice 
ihe public St the time when the railroad between Live 
pool and Manchester waa approaching its coTnpletioa 
tile; attracted coudderable attention, in consequence a 
Fig. 25. 




which the inventor, at the aoKcitation of the proprietm 
of the " Kaleidoscope," furnished to that perimlical thi 
following sketch and deeeription of what he calls thi 
new bar-EUspension bridge: — 

" The above sketch," says Mt. Motley, ' 
from a drawing made on the scale of a quarter of an ind 
to a foot, which represents a park, or other bridge, c 
flftyfeet span. The horizontal lineorbeam imtnediatdy 
under the floor is composed of five lengths of wrought- 
iron, joined by means of vertical standards or support^ 
witli cross bars at the top in the form of the letter T^ 
the arms sufficiently long to admit the beams to 
doubie-bolled, so as to Tender the joints inflexible, 
the top and bottom of the vertical supports 
bolt, which connects the two sides of the bridge, to tl 
ends of which are afBKed the suspending bars, whii^ al 
BO arranged that, whenever the pressure may be on t! 
bridge, it is uniformly conveyed to the two extrero* 
points at each end, which will readily be conceived by 
any person the least acquainted with mechanics. The 
new model which I have made is on the scale of o 
inch to the foot, and represents a bridge 100 feet Bpan^' 
consequently it is 8 feet 4 inches long, and 12 it 
wide. The whole weight of the iron-work is only 
ft llBS supported im|y(^s of 4S0 Ibe., de- 



f^ 



iDg oo\j half an inch in the middle. With tJie ad- 

in of about Si lbs. more of iron, I tliink it nould 

<c neariy half a ton weight ; thiu ihowing the great 

;e of mechanically dividing; materisls ; for if we 

« « tbree quarten of an inch bar of iron, eight feet 

' inches long (which will weifih more than the 

Id}, and lupport it at each end, 2S lbs. will make ii 

more than 4^0 lbs. did the model. Suppoung 

lei to weigh 1 5 lbs., a bridge built in that pro- 

100 feet long, and 24 feet wide, having diree 

beaniB, would weigh not eseeeding SO tooB. in- 

mdent of the railwa; or fence, which railiog or 

ed as in the above fiketch, would add con- 

TmUy to its Etrcngih and Btability, and would, I have 

lonbt, auppoit, with perfect Eafety, from 300 to 400 

I, which is eonaiderably more than double the weight 

{ivould ever be required to liear, admilling it to be 

i with Ijcwt. to every superficial foot. At any 

I feel confident that from 35 to 30 tons of nrought- 

Id make a bridge equal if not superior in 

'o tlie Bristol iron bridges erected by the Jes- 

fa, which are 100 feet span, and certainly the lightest 

\ nioflt idmple in construction of apy cast-iron bridge 

t I have ever seen, not excepting the Vanxhall one 

f London. These two bridges cost between 9^001. and 

)t, and contained about 1 50 tons of metal in each." 

■ much of Mr. Motley's description has been re- 

', as bearing to some extent on the tniss-girder 

n introduced in many of our railway bridges. 

' remarkable building, within which the Great 

Ution of 1851 took place, as being the first ex' 

\e of the use of cast-iron on a very large scale far 

urea of an analogous character, requires some espe- 

atice in a work on metal manufactures. 

e rite far the building was a leclangular strip of 

U)d in Hyde Park, aitunted between the Queen's 

1 Rotten Row, and contained about sG acres, 

} (pproximately 2300 feet in length by 500 feel 

eadth. Mr. Digby Wyatt thuB describes the 

il efibct : — 
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" The principal entrance to the Exhibition is n. 
in ifae centre of the south siile, oppoate to the PrinM 
Wales's gale, one of the niain enimnces to Hyde F 
Passing through a vestibule T^ feet by 4^, the Ti 
finds ailinittance to the main building, u)(l Bt 
beneath tlie roof of the great feature of the whole,< 
transept. Above his head, at a height of 6S feet fi 
the ground, springe a semi-cylindrical vault, 73 fed 
iliameter, which extends fur a length of 40S feet Q 
south to north. Advancing about half-way along i 
transept, the visitor will linJ himself as nearly as ] 
sible in the centre of the building, and from this p 
his eye may range eastward and westward along its i 
nave, for a distance of upwards of .QOO feet in evh^ 
reclion, the total length of the builiiing being not i 
than 1S4S feet. The nave is a grand avenue, 641 
high and 7^ feet wide, crossing the transept at x 
angles. On each side of it extend aisles 34 btf^, 
wiilth ; and above them, at a height of 2i feet bam.i 
ground, are carried galleries, surrounding the whs 
the nave and the transept, so that a complete curcv 
communication is carried throughout the whole atrue^ 
at that level. Beyond these first aisles, and pan! 
with them, at a distance of 48 feet, are second 
similar width, and simllariy covered for their vl 
width with galleries on the same level as those overj 
first aisles. In order that the public may pass be 
iVom one line of galleries to the other, bridges atfreqn 
intervals span the 48 feet avenues, and at the same ti 
divide them into courts, each of which has been m^ 
ranged as to present an enaemUe to the eye of the Wjf 
tator looking down upon it from the galleries. 1 
width of 48 feet, which we have described as thus n 
divided, and the second aisles, are roofed over at ahe)| 
of 44 feet from the ground, The remaining portion 
the building in width consists of one story only, 24 1 
high, in which, of course, there are no galleries. 3 
double staircBEca, 8 feet wide, give access to th 
gaUeries." 



e vertical supiKirts in ttiia gigantic atructare con- 
nUrely of cast-iron ; ihe horizontal connecCionB 
A girdera were coiiHtructed of both wrought and caat- 
vrought-iron, it has been eatiniatei] that no 
■ than 550 tons were used, and of cast-iton 35(10 
The columns were 8 inches diameter, and ihoee 
t lie ground floor were 18 feel 5J inches liigh ; 
J were made hollow in order to convey the water 
n the TOof of the building, and the thickness of the 
•1 of which they were cninposed varied, according to 
tpwe%ht each colnmn wse intended to support, from 
n inch to 1^ : square faces ailded conuderably to 
K KCtional area of the meta!, upon the amount of 
hliich the strength of the column in a great meaEure 
Tfcpendeii. 

r lie building rested on 1060 columns on the ground 
The extent of the whnte of this building may 
K-thus stated: — The total area of the ground floor 
U 773,784 feet, and that of the galleries, which ex- 
1 nearly a mile in lenglli, ^17,100 square feet. 
t total cubic contents of the building were about 
^000,000 feet; there were nearly 2300 cast-iron 
58 wroughl-iron trusses for supporting the 
la and roof, 30 miles of gutters for carrying water 
(Ae colamns, 202 miles of sash bars, and 900,000 
rfldal feet of glass. The width ofihe nave woe, within 
t, double that of St. Paul's cathedral, whilst its 

ore than four times as great, 
a building has become the model for numerous 
• atmctures, and is itself perpetuated, with yet 
taUr additions, in grounds purchased by the Crystal 
P«kce Company in Penge Park at Sydenham, The 
Exhibition now opened (May 1853) at Dublin, that 
to be opeiieil in June at New York, and a per- 
t building to be erected for exhibitions of na- 
tional industry and other piu'poses iu Paris, have each 
adopted this combination of iron, wood, and glass, as 
being at the same time the least expensive, the most 
easily constructed, and, for these purposes, the most 
elegant and useful that can be reared. 




RoUing Iron. 

The art of laminating ductile metal b; passing it t 
tween a pair of rolJi^rB 19 bf nu meacB an invenCion 
modern times, though at what period it began to I 
practised does not appeiiT. The ingenuity, however, < 
the last generation of iron masters not onl;^ carried t~ 
power of the tolling machinery to its utmost extent, i 
■preading out metallic aheets to the linenesa of ailk ai 
the flexibility of ribands, hut more especially diatlD 
guished tbemaelves by its application to the inanufactiu 
of native iron in lieu of the forge, which had alway 
been considered as indispensable. At present, tberefon 
instead of working the bloom of iron under a 
hammer, until it is brought to the form of a bar, a ] 
cBsa requiring considerable dexterity in the forgen 
the red-hol mass, on being drawn from the puddlhtj 
furnace as before described, is reduced by being ai ^^ 
sively passed between massy rollers, which r 
expels the heterogeneous matters from the ir 
performs the operation of bringing it inlo the shape n 
iiuired with incredible celerity, bat little ingenuity bring 
at the same time demanded of the workmen. lo tbiii 
as in some other proceasea, where slow and lahori; 
cours,'? hiii'o iKuii siiptTEeJed by rapid and easy exe 
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(km, the article produced by the new method is not, in 
all cases, and for every purpose, equal to that manufac- 
tmed upon the old principle^ The operation of the 
rdlers neither so completely drives out all deteriorating 
Buitter, nor does it so entirely close up the pores of the 
netal as the long and repeated application of the 
kiinmer. On the other hand, the reduction of price 
nising out of this method, and the adaptation of the 
material so produced to the great variety of purposes for 
which cheap iron is required, render the discovery of 
this system an increasing source of national wealth and 
indastry. 

The name of Cort, the individual who introduced to 
the notice of iron masters the present well-known and 
important process of puddling, has been already men- 
tioned. In 17^4 he specified his improvement on the 
old method, in the body of a patent by him obtained 
** for a new mode and art of shingling, welding, and 
manufacturing iron and steel into bars, plates, ^c. of 
purer quality, in large quantities, by a more effectual 
application of fire and machinery, and with greater 
yield, than by any method before attained or put in 
practice." This project, so unprofitable to the origin- 
ator, but which under other management has become so 
extensive and lucrative a branch of our national industry, 
deserves to be identified with the name of the proposer. 
For the same reason, the following sketch of the course 
pursued and the advantages claimed by Mr. Cort, as 
published in the Repertory of Art, &c. 1795, will be 
in place here. After having described the puddling pro- 
eess, the patentee proceeds, '^ And the whole of the above 
part of my method and process of preparing, manufac- 
turing, and working of iron, is substituted instead of the 
me of the finery, and is my invention, and was never 
before used or put in practice by any other person or per- 
nnt. The iron so prepared and made may be afterwards 
itaraped into plates, and piled or broke, or worked in an 
•ir furnace, either by means of pots, or by piling such 
pieon» in any of the methods ever used in the manufac* 
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ture of iron, from coke fineries withuut pots ; Imt 
meChoJ and proceM inveuteii and brought Co perfedi 
b; me, IB to continue the loops in thi! same fumaoe, or 
put tliem into snother air furnace or furnaces, a 
them 10 a while or welding heat, and then to b 
them under a foi^e hammer, or by other niRi:liiner]r,ii 
half blooms, alabe, or other forms: and these may 
heated in the chafer;, according to the old practice ; * 
m; new invention is to put them ^ain into the Mtn 
other air furnaces, from which I take the half bloo 
and draw them under the forge hammer, or otherwi 
as last afaresaid, into anconies, bara, half flats, i 
aquare-tilteii rods for wire, or such uses as may be T 
quired ; and the elabe, having been Bhin^led in the fcm 
going part of the process to the sizes of the g 
my rollers, throngh whicli it is intended to be i 
worked by me through the grooied rollers, in thi 
in which 1 uae bar or wiought'lron, footed and heftt 
toa weldeil heat for that purpose; which ir 
ing any sort of iron, in a white or welding heat, tbrot^ 
grooved roller?, is entirely my own invention, 
and also steel, bo prepared, made, wrought, and n 
factured, by such eflectual application of fire and 
chinery, will be dischargiid of the impurities and foisi] 
matter tchich adhere to them when manufitcitueil 
the methods commonly practised. The sleel ia of i 
excellent quality, and the iron will be found tt 
tough iron, in liars and uses whether large or small i M 
all sorts of merchant iron, whether it be 
metal of a red-short or a coM-short nature ,' i 
steel, whether made from iron prepared sccording to J 
above process, or from any other iron ; when tagoui<\ 
gether, healed to a white or welding heat, rolled in 
heat through grooveii rolltrs, according to the me 
invented hy roe, and slit throu};h the commoo ont 
is equal to steel raanufactuced hy fnrge and tilt h 
mers. The vrliole of which discovery and attainnu 
are produced by ^ '""'"'^ tatctual applitniion of fire ■ 
niacbioery, 8^ deaciibed bf_ 



moK toddler's rollrbs. HT 

IT uaed by othem, snd tre fntirely new, snd contrary 

iB revived optniona amongst persons converssnt in 

It nanafacture of iron : and tlie nhole of my method 

e completed witliom the necessity of usinR finery, 

1, coke, chafety, or hollow fire ; or without re- 

g any blast, or the use of fiues in any part of the 



mFif. 



27- representi a front v 
Ji7s, 37. 



T of n pair of roUcri 




e manufacture of iron in connection with the 

Ding furnace. They are about four feet long, di- 

1 into four parta, the krgest being about twenty 

a in diameter. That portion of the upper roller 

t which the metal is first passed, is cut in a deep 

8 irKgukr manner, resembling that chiselling in atone 

i nwresque nork, that it may the more easily get 

d at and compress tlie metal when almost in a fluid 

10 J the plate is nest passed under the cross-cut poi- 

f ibe roller, and aucreaBively through the fiat sec- 

The lower roller, it will be observed, is formed 

d coUare at intervals, to keep the metal in ita 

9 course. The rollers are connected by cog-wheels 

1 Uieir axes ; upon the lowermost of thc§e 



us nioN itn> n: 

works also the wheel, by means of which the re 
b communicntecl. T}ie cheelta are of cosl-iro 
masay, (hal ihey may bear the Tialenl usage t 
they are subject 

The peace of Europe, and the free inlercoure 
has been so long alluved between Great Briuin uidi 
countries, has led to the introduction of this ir 
nenl in tlie making of iron, ts well tt 
into America. In the year 1812, the celebrated P 
chemist, M. Collet Descostila, excited the attentioi] a 
BCientiflc countrymen to the importance of their n 
iron ores, by the analysis which he published of ■ 
English specimens of a similar quality. Dr. Colquhe 
in the elaborate dist^ertation on the argillaceous ore oli 
communicated to Brewster's Journal, before refeTTEJ 
notices with approbation the researches of I 
and alludes more particularly to one important dedds 
from the labours uf the French chemist, namely, 1 
"although the specimens of iron ore examined by I 
had been collected from different localities in Fra 
and also from England, they all agreed in 
that they had been found in districts abounding ( 
coal." And the whole of his researches led U 
elusion, that there subtisted a very intimate geolog 
connection between coal and the Brt;illaceouE earboni 
iron ; a connection so close, that the miner might rI 
with certainty regard the presence of the one miner 
a proof of the vicinity of the other. But it is difl 
e the force of a rooted prejudice, 
oir of Descostils must at once have carried 
n to the minds of men of science, that the I 
useful ironstone was cO'Cxistent with the beds of « 
the various coal districts of France ; yet the natit 
lirge for a long period refused to believe that they i 
seised such a treasure within themselves, and obstini 
persisted in r^anling the Island of Britain as 
and exclusive depository of that ore. Even after tt 
of the fievei of the Ecole cles Mines, stimulated U 
search by the discoveries of Descostils, had verifiet 



tt, mil reilueeil his opinions to <;criaiiity, it adll 

Dtlnaeil to be maLtiinined, tliat tlie ore on wliich they 

experiments lUil not properly tepreKani any 

nasset of materials, sut^cientty extensire to be 

:nce in a national point of view. But, in a 

I of «aeh moment to their country, the most emi- 

lemists and inginieitn rfe« mines in France were 

d thai truth sbould prevail over prejudice ; and 

IE to the exiatence of this poirerful pr^udiee 

t least one good effect ie to be traucd, eince tbe 

gations of her men of science have procured for 

t, where the art of metallurgy is yet in its infancy, 

account at present extant, bolh of the chemii^ 

ion and also of tbe general hialory of the sr- 

■ ironstone. The fact at least is undoubted, 

lin a small number of late years there have been 

d in France a large number of analyses of various 

IE of this ore, although there do not appear to 

at many similar notices printed in any other 

tatrjr. The French, however, have, subsequently to 

'_ ' idabove alluded to, not only imported our work- 

Bibut oar discoveries. So long fiinceas 1819, it ap- 

II statistical report that France consumed 

J about 1,000,000 of metric quintals of foi^ 

_i bars; and that the manufacture of these 

d about 300 forges of the construction which bad 

i followed in that country ; but, by the 

ir mode long adopted in Britain, and well known 

ioce the last peace by the appellation ot forge 

', {refining in a reverberating furnace with 

d forming into bars bjl laminating rollers,) 

■aty DiBaufaclories could have done the work of these 

Bo rapidly, however, have the Frencli availed 

mselves of a knowledge of our manufacturing pro- 

, that they have established as many iron manu- 

jei on the British plan as are nearly sufficient to 

pty all the bar-irou canEumed in France. 

frith reference to the Uniled Stales, It is well known 

ivilh tbe most perfect machinery, and iron- 
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Stone of B capital qunlily, co-exUt in vjtrioni mt 
»f the coiwtTy. Of these, as perhaps the moat « 
may be mentioned the Franconia irun-wurka, which 
Bicuateil 140 miles N.N.^V. from Boston. Then 
two in an u factories, the New Hampshire Company, 
the Upper Work?. The ore ia nearly four miles i 
tant from both, and cobIs ihem, deliTf 
: vorks, 4 dollars 75 cents {20a. 5d.) per ti 
50 per cent, of pig-iron, and 30 per cent, of t 
iron. They (the two works) manufacture at piW' 
300 tons of bar-iron, and 300 or 350 tons of cai ' 
annually. Bar-iron ia worth at Franconia 112 d 
(2«.) per ton, ami pig-iron 40 dollars (Hi. 19*.) 
ton. The works of the New Hampehire Iron Comp 
fotm much the largest establishment, consisting c 
blaat-fumace, forge, triji-bammer, shop, and milll 
employs sixty men in the various departmental 
mining, coaling, smelting, and forging, the operati 
of the trip -hammer, shi>]i, and mills, farming, 
Their furnace, whieh is like those employed iff 
great iron mines of Sweden, is thirty feet in height 
an ovoidal form, and furnished with a powerful ej 
drical machine for giving the blast. It is lined t 
white granite, composed principally of felspar, wk 
we were told, formed a very dorable and exoeT 
lining. Considerable expectation was excited respec 
the discovery of fossil coal, said to exist twelve n 
distant : this, it seems, was anthracite, or atone o 
but the author observes, " It is not likely to be of I 
use in making iron, since all attempts of the kind I 
hitherto proved iin successful." Time and experie 
has taught the Americans a method of using ihetf 
"stone coal;" and although formerly denounced by tile 
iron smellers in general, what is by the workmen 
termed blind eoal is used in the smelting eatablishmM 
in the south of Wales with great advantage. 

It is a fact curiously illustrative of the condaetj 
Great Britain, nearly a century ago, towards that c 
cb is now taking such immense strides of sett 



ihip, that in 1750, parliament, under the advice of 

B Boiird of Trule, prohibited the erection of rollini; 

1 ilildng mills and other ironworks in the North 

I prorinces ! Such, howeier, is the demajid 

k EnglisI) iron in the United Slntes, that its introduc- 

nense amouBt was only counteracted hy a 

faj duty. That the operation of such an imposE, 

'mportant as a bonus to the native iron 

1, should have heen poneidereil a (jrieyous diead- 

n the general manufacturer, will not be 8ur- 

g when we tind that these manufacturers are told 

r countryman Cambreleng, in his celebrated 

3 coTnmerce and naTigation. delivered in 1)430, 

|~dat while "they of necessity consume sheet, hoop, 

bolt, rod, and bar rolled iron aa raw materials, with 

nblch the Birniingham manufacturer is supplied at 

■ " .50 ilollara per ton, the American duties 

y frora 37 dollars per ton to 3J cents per pound, or 

cents per ton, or from 123^ to 15(!| per 

• od ixtlorem. In other words, the effect of our 

Injkw is to give a premium to the hardware manu- 

Xt, blacksmiths, &c. &c. of Great Britain, equal 

1 srenge to 57 dollars 70 cents on every ton of 

It manufactured in that country, for the use of the 

Rllieil Stales. The actual price of these raw materials 

in Great Britain are 30 to 50 dollars, and in the United 

SUtea 75 to 180 dollars per (on. The duty on 

15 pounds of sheet and band iron for fender plates is 

58^ cents ; the duty on the article when maiinraciured, 

it Dill}' S3 cents ; on 30 pounds of sheet-iron for grate 

pus, 70 cent! ; on the manufactured article, 1 8J cents ; 

OD 100 pounds of sheet-iron for stove-pipes, 3 dollars 

50 cenia ; on stove-pipe manufactured, 63^ cents. The 

duty on hardware generally Is 35 per cent., while the 

daties on the various kinds of English iron used in 

[lUnnfacturing, average about 140 per cenx. ad valorem, 

ing more than 100 pet cent, premium to the English 

rafKlUrer." 

e whole condition of our iron trade with America 



lias been chaugcd since this was written ; and il U 
iiuw reiaincU u an incident in tlie hisiorj of inn 
nufacture. 

Boi/er Piates. 

Rolled iron, of lariouB degrees of thickness, is ■! 
Bent used for an alinoit infinite variety of purposes io 
home mtuiufacturea of this country. Not merely u 
tering into the consttuction of articles which are te^Uil 
to witbBtitnd the effects of fire, but to a vait extent ai 
Bubstitute for wood, ie the consumption of iron in 
blate carried on. The strongest kind, generally s] 
ing, ia that in nhich the pUles are rolled for the tt 
facture of steam-engine boilers ; and larying froK 
eigbtbs to a quarter of an inch, or lees, in Ihicli 
These plates, weighing sometimes one cwt. each,ai 
coming from the rollers, cut into the siaes required . 
immense shears, moved by water or eieam power ; 
the facility with which shreds are clipped off the et 
of a plate of iron of this deEcrijiilon, exhibits iii a rt 
ing manner the power with which ingenuity has invn 
the workman in the management of so obdurate a h 
terial. Tlie plates for spherical boilers are si 
into the desired form by means of hammering whik n 
hot, in concave blocks of cast metal ; and. upon the B 
face of similar blocks, gores, of all the various shapes 
to flexure, are produced. 

The holes, by means of which tlie plates ore 
together with iron siuds, are punched in the metd 
the assistance of what the boiler-makers cidl a levet 
This machine, so simple in its construction, and j 
efficient, is represented vafy. 28, 

A is the front side of a massy cast-iron froine, ai 
the upper part of the other side, which is cast 



C is the le' 
between the t 
at D. 

E ft heavy fly nhed, about eight feet 



eight or nine feet in length, worl 
sides of the frame, upon a thick t 



\f hindles on both sidet, lliat it ma; be turned hj 
W four men : its axis contains a cog wheel, six or 
|(tnchea in diameter, working in onniher cog wheel F, 
h it about four times the diameter of the fonnrr, 
e of the laaC-menLionecl wheel contains a crank, 
1 which the lever is suspended by the strong 

ii the head gear, consisting of an iron box, ihrouf-h 
h work* a Kquare piece of iron, tackled to the lever 
Ul which is inserted the punch at li. 
•B the boas, in which is fastened a steel die, 
nted exactly to suit the thickness of the punch, 
it wUl be reailily comprehended how, by turning 
I as to put the lever in motion, the punch 
le slowly initerted and vrilhdrawn fiom the die, and 
nlaie perforated by being placed witltin its opera- 

two cullers of steel, which some persona 
p inserted in grooves properly formed, and by means 
bich the machine may be likewise used as a pair of 

pktM being properly shaped and bent to thede- 

the boiler intended to be made, and holes pierced 

corresponding edges at equal distances, the rivets 

when red-hot, and are driven home and 

Ibhed by two men with hammerB, working with alter- 



Sheet Iron Boats. 

We hsTe now applied sheeuiron so very exiensiTi 
that mucli of what follows may appear Buperfluoui ; 
as showing [he lilea of using iron boats i» JiiSG il 
importanl. 

Not QtAy has fih«et-iran be«n manuiacCured into MS 
waggons, and llie corves used at tlie colheriet, but li 
wise into vessels for the navigation of our canali. Nn 
hers of these curioBllies, of various sizes, may be N 
sfloal, at diflereni places, especially in tlie neighbourtK 
and employment of* ironworks. A few yeata l^ 
Eteatn-biiat of sixty feet keel, nine feet beam, three 1 
high, anil composed entirely of cast- iron, was cor 
at New Y'oik, as a passage-boat for navigation Ml { 
Susqueliana river. Tiie whole weight of the iron in, 
boat was- about 3400 lbs., and or wood in die dt( 
cabin, &c. about S600 lbs. ; alt^ether about three HI 
or, including the steam -engine and boiler, the eU 
weight was but five ions. Could Columbus, oi any 
the crew who sailed with him in the discovery of An 
riea, be permitted to meet tliis vessel on her passaj^! 
tneen Colombia and Northumberland in the Unl 
States, it Is not easy to lay whether they would be O 
astonished at the rapid progress of the vessel witb 
sails or oars ; or the discovery that the whole wu a 
of iron equal in weight to three or four of iheir aoe 
and yet floating in the waler like a cork, in a draughti 
five inches. 

Within the present year (1831) an elegant and awi 
pasiage-boaC, of the description above mentioned, HI 
called (he Rapid, has been built by Mr. Wilson, Topfaj 
Scotland, and launched into the great canal, 
txtmposed of the best malleable iron, and is fitted up 
a style of neatness and comfort that far excels any bl 
of the same eonatruelion in Scotland. She is sixt;-* 
feet in length, and iix feet in breadth on the 



T whole weight U scarcely two tORG snd a half. She 

« sixty cabin and eteerage pasEeiipem, and goes si 

w rale of ten mike an hour ; so nmouUi i« lier motion 

e passengers feel as easy as in a parlour. Three 

SK employed to drag the Rapid, and there in a 

b rday every six miles. She draws, when unloaded, 

' ites of water, and when filled only fifteen. Tlie 

ee of the f-teat canal made a ilrst trial of her 

and were hiphly pleased with ihe experiment. 

itance from Tophjll to Port Dundas is tweniy~ 

let, anil was accomplished in two houra and forly- 

lutei ; but deducting th« detentions at locks, ftc. 

e exact speed ten miles an hour. She is fitted 

anner fuUy equal to [he interior of a coach, and 

Q lighted and airy, ihe windows being fitted to slide 

h fashion ; and the labin, which will contsln 

a paasengers, is hanil^oinely tapeetried, and fitted 

' k elbow chairs. The small ladies' cabin, 

and steerage, are very compact, and well 

ed, and it is a mailer of Eurprise how every thing 

snilnl as to give the passengers all the ad- 

f a pleasure-boat. 

e foUawitig BiatemeniH of the advantages of iron in 

njlding, and the extent to which it is now em- 

I, will, with the account of llie Britannia Bridge, 

le nibjeet clearly belbre the reader. 

use of wrought iron in the construction of ships, 

tt 6f the modern inlroductious which may be re- 

of the utmost promise. 

Ine of iron, in addition to its hghtness and 
,n the construction of vessels, was severely leated 
e of the Great Britain, and in the Prince of 
m Bteara-veBsel, in the Iaunchii>g of which an 
« occurred which is thus described ; — 
« vessel ia entirely of ijon, and ia intended for 
m station ; she is ISO feet long between the 
Mdicalars. In launching, the deet on the bow gave 
taee of the bolu bwldiig, Md tot ito 
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vesfiel down bo that the bilge came in contact wIAfl 
whaif. Slie was uUimately toiced off by Ecrew-jM 
and two tug vessels, cutting her way deeper i: 
concrete and plaukinf^ of the trharf, until Bhe ai 
8 poGition resting against the eea wall ; and at that p 
ihe distance measured from the face of the wharT to 
point of contact of the Tesael and the sorface of 4 
water, was 110 feet. The whole of ilie deck in 
centre of the vessel was left unfailened for the h 
of the machinery. When completely ailaat, it wai fooj 
that the shear of ihe Teasel was not hroken, and that 4^ 
had received no injury, except that the bow w 
in consequence of letting go the stern-rope, and d 
exposing the veasel to the sweep of a strong ebW 
Oil examination, it was found that three of the a 
iron ribs or franiea were hruken, and one of the p 
cracked, occasioning a considerable leak, which wk 
companied by no oiher inconvenience than that of fil 
the bow compartment aa far as The first bulk-head ; a 
after hauling the vessel into dock, the necessary ie[ 
were effected in four days." 

The success attending the construction of ahip 
iron has been so great, that there is u 
siructed at the Clyde a steam-vessel considerably laig) 
than the Great Briiain ; and thus she will be, 
launched, the largest vessel afloat. Her name i 
AiraCo. The etiiire length of the keel of this vet 
laid (1853) resting on blocks : this enormous bar is 1 
nine pieces, joined by scarf-joints, and (irmly riTE 
together. The sicrnpost is in one piece, and bo ii tl 
atern, which runs for about ten feet into the hoTinmU 
keel. The stern alotie neighs 65 cwt. Only one-llH 
of the ribs or frames are yet in place; and even 1 ' 
the long length of bare keel, terminated by the ■ 
etanding up some forty feet or more, the enormoua d 
mensions of the vessel can hardly be appreciated. 
Windsor Castle, building at Pembroke, ia said to be tl 
" ]argwt vessel in the world ; " her size, and ihat of tl 



WmIo, wHl place the enormous size of ihe 
(be d«ateEt light : — 


ron ship ia 


WuDSOB ClSTLE. 

Eitrpme length of keel 

keel and foreculle 
Breadth of beam - 
Depth of hold 


STB 
24 


The Atrato. 




E.tremelengthofkeel 

kitlecdfotecmtle 
Breadth nf beam - 
Deplhofhold 


52 


Superior even to these gigantic unJertakings which 



insii has attempted ii 
tubei of the Cunway and Britannia tubular briilges far 
exceed anj'tliing which has gone before them. The 
general character of both the Conway and l!rit*nuia 
tubes may be gathered from the following description : 
— ' Ktti^h line of the Biilannia bridge contists of a single 
lube, 1511 feet in length, weighing 52^0 tons; and, 
with tlie Bxceplion of the permanent way in the interior, 
log entirely of urought-iron and cast-iron, viz. 

Wrought-iroD - . - 4,6S0 



^ cast-inm is entirely confined to those portions of the 

e wbich pass through towers. This immense beam 

ed in five places, viz, on the Britannia tower 

tte, and on each of the side towers at 4<60 feet 

ti either side, and on the abutments, at a dis- 

E of 230 feet from the eide towers. The clear span 

e Conway bridge is 400 feet, or €0 feet less than 

e Britannia. It is securely fixed in the centre tower, 

I bearings in the side towers and abutments are 

Dveable, that it may expand and contract from changes 



neiai summarj of the important pointi in ^^^^H 
slniclinn of the Britannia bridge ba< been gitel^Q^^H 
E<lwin Clarke. The weiglit of a Eiogle h'ne, ui3^H 
numbei of rlvetB. together with the sectional arelt^H 
ihe centre of the lai^e tubes, are as followa : — ^H 




Bottom - 


Wei|hi. 


S«0ormlA™- 


-—'■"-« 


ns't 


""eTs-as"' 

302- S2 
aas-43 


310.390 H 

£35,650 |H 
S4 9.010 1^1 


Total - 


^6B0 


I535'68 


I.09S,0£0 ^1 


nearly a million and a half cubic feet, or 105,000 Ml 
of mafionry, 4.4,200 cubic feet, or 9+80 tons, of wrou^ 
iron, and ipSS tons of caBt-iroti. 

tons of wrought-iron, 1015 tons of cast-iron, and It 

This immense tube must be regarded as a perfeetl 
rigid hollow beam of iron. The lop and bottom of li 
tube has a cellular structure, the jiarlitiona placed pen 
pendicular In the horiiontal plates being boiler ^ 
iron, placed on its edge, thus offering the utmost po 
aible degree of resistance. The vertical fudei of S 

the firm connection between the sides and the top if 
bottom being secured by angle pieces of cast-iron. Tl 

carriages is exceeiUngly smaU — far less indeed than di 
which arises from the action of the Gun on one side i 
the tube. 

For the details of thla extraordinary work, the teadi 
is referred to Mr. Edwin Clarke's work on theBritmnii 
and Coaway TiAukr Sri^ei, and Mr. Fuitbaira'i 



CHAP. VIIL 



SHEBT IRON COFFINS. 
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Cnwajf and Menai Tubular Bridges. Both of these 
woricB may be consulted with advantage by all who are 
interested in the employment of iron in construction. 
The experiments in particular of Mr. Eaton Hodgkin- 
•on are of the utmost value. 

The following statement of the span of some of the 
finest bridges in the worhl, will convey information as 
to the relative proportions of these and of the Conway 
tnd Britannia tabular bridges : — 







SpanoT 


RiMof 




• 


Muerikl. 


Centre 
Arch. 


Arch St 
Centre. 


Engineers. 




fwt. 


feet. 




Sanderland, otct the Wear 


cast-iron 


240 


30 


Wilson. 


Southwark Bridge - 


«• 


240 


24 


Kennie. 


Dee Bridge, Chester 
Font du Carrousel over the 


sandstone 


200 


42 


Hartley. 










Seine .... 


cast, iron 


187 


l-H 


Polonceau. 


Eligh Level Bridge, New. 






■ 




castle .... 


•9 


138-10 




Stephenson 


London Bridge ... 


granite 


152 


29i 


Rennie. 


Maidenhead Bridge over 










the Thames ... 


briclc. 


128 


24i 


Brunei. 


Conway Tubular Bridge . 


wrought iron 


400 




Stephenson. 


Britannia 


<« 


460 




»» 



Sheet Iron Coffins, 

In the year 1809, a gentleman of Birmingham sug- 
gested the employment of iron as a substitute for ma- 
hogany and other costly woods, in furniture, and the 
furnishing of houses. He recommended^ that bedsteads^ 
the posts of which as well as the frames might be hollow^ 
and the form might be beautifully wreathed with 
flowers^ &c. or embossed with fanciful ornaments, chests 
of drawers, bookcases, and bureaus, might all be made 
of sheet-iron. Such furniture, it was contended, would 
be cheaper than articles of mahogany, not heavier than 
wood^ though more beautiful; and, exclusive of the 
convenience of removal, it would afford great security 
against fire. Although there are various obstacles in the 
way of carrying out practically this project of the Bir- 
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miiighain speculalor to to great an extent as he ai 

pates, yet iron bedateaclB are both comir 

and, what is more riimarliable, not only has the t 

hogany of the frame been in many canes iiiperacded a 

iton, but even the feathers themselves' 

trestles" having obtained coneiiierable vogue among O 

vellers. Sjiring ciishiong are now commonly used. 

One of the most singular applicationt;, however, i 
aheet-iron which our times have wiineaeeii, has been itf. 1 
use iti the construction of that piece of furniture of 
man's ultima domiia, which is usually fumistied by the 
undertaker. This forms a curious episode in i 
history, although the sheet-iron coflin has never ht 
generally adopteil. In the year 1619. a patent » 
obtained by ao individual of the name of Bridgnian, : 
making colEns of rolled iron : this novel introdacila 
of the material was deTended as being better calculMe 
than wood for the protection of the bodies therein dc 
posited, from sacrile^iuua abstraction for anatomici 
purposes. The receplion, howevefj of tliese iron ooffin 
into the metropolitan cemeteries was withstood, on th 
ground that, as they vouM last much longer tliH 
wooden ones, the graveyards caiisecraied for the seiral 
tiire of the inhabitants of the different parishes n 
soon bec<ime too strait for their accommodation, 
order to try the legal valiility of tliis objec 
man, the patentee, made application at the bnrial-g 
of St. Andrew's, Holhorn, to bury the corpse of a w 
in an iron coffin : the funeral ].roceeded to the gi 
in Gray's Inn Lane, but the iottrment 
by the parish auihoriiien, the colBn deposiied in ll 
bone house, and legal proceedings inslituieil against ll 
churchwardens. 'I'hta novel case w>is argued in tl 
consistory court, the most eminent counsel being en 
ployed on both sides, 

in favour of interment in iron, it wss contpmled. iha 
sepulcliritl chests were of great antiquity ; that coffini 
stone and lead, as Welt «■ woud, had been, or were, 
UM in this country fram vtry early times, and that e 
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gritM were eTery dty rilowed to he made in all 
'lyards throughout the kingdom. The rgtieation to 
' therefnre, was one of right, the law not hav- 
dther ipecifieil or prohibited any piriiculer material. 
the pan. of the churchwardens, it was alleged, that 
right of the parishioners generally would be greatly 
Inged by the introduction of iron caffins, as the 
' would soon be entirely occupied by them, and, 
itly, an act of injustice would be committed. 
judge, air Wm. Scott, in a luminous summing up, 
thai with reference to precedeot it was a well- 
fact, that burning the body, and naked inhuma- 
tion, preceded the use of eoiiins of any sort ; and that 
tmong nations ciiUised as well at savage : and it waa 
remarkable that in the burial-service of the chureh there 
*u no tnenrion made of a coffin at all. It was asserted 
by one party, ihat, in point of absolute duration, the 
iron coffins would not last longer than wooden ones. The 
kamed judge remarked, that, upon this point, it was not 
whboat a violent revolt to all the ideas he bad formed 
on (he Eutigeel, that he heard it affirmed, that cofSitK 
fanned of iron would not keep longer possession of the 
soil than those formed of wood : to him it appeared, 
without pretending to any experimental knowledge on 
nuEt be otherwise ; rust was the 
travelled to deeomposition ; ex- 
remained unimpaired ; and if it 
any small admission of 
that rust, until it sralea oll^ 
protects the interior parts from further decay j whereas 
wood corrupts internally, and thus hastens its own de- 
•tructton. It was ultimately decided that ihe parish 
thould prepare a table of fees applicable to the reception 
of iion coffins. 

Miacellaneima ATlictci. 
The use and value of roiled iron ii 
variety of small .irticies 
erlaiuly beyi 



Each subjects, that 
process by which i 
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hampton and iU neighbourhoad abound with establi 
ncim fur the convereian of this convenjeitc material i] 
those neat and economical nares which have become. 
common in every family. Among theae articles, t 
and wailers, varying in size from a Bnuffers^dish o 
few inclies in length, to the plateau auffidend; laigft 
hold the entire lea equipage of B numerous [larty. Th 
universal requisites are-either simply painted or vamiab 
or, as 13 most commonly the case, they are japanned w 
a moat beautiful and durable ground, upon which are I 
colourB and gilding with so much taste and efibc^ 11 
the indiTLduals who execute these designs deserve b 
praiie tben is usually given to them, for norkinanil 
assimilating so closely with some of the more celebiwl 
productions of the fine arts. The method of jspanni 
ward of this ilescriptioti, originally taken up by j 
Birmingham manufacturers almost n: 
gested by their peculiar staple, has now, through 
combinations of science and long experience, altainei 
high degree of perfection. No place in the world c 
indeed rival the artificers of this famous emporium in 
degree of elegance and finish, presented by many of t 
more expensive fabrications, the body of which ci 
of a few peunyworths of rolled iron. 

The facilities which experience and improved n 
chinery ha*e introduced into the manufacture of tl 
sort of japanery, have long since placed most of tl 
products of the Birmingham workshops witlitn there 
of the humblest housekeeper. To such persons as tl 
who perceive nothing but signs of national decay in 
extent to which the elegant and economical wares 
M'edgewood have superseded pewter plates, wood 
trenchers, and brown cUjJtfjd ieTy upon the shelves 
eearonce of the artjcl 
viiian pleasing t 

t wil! be n 

Ajilmost every famil 
'^~™ it decent, i -" 
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dally on Tinting occasions^ to place their cups and saucers 
ud other paraphernalia upon a 

"Tea-board with caddy, which are duly placed, 
"Whwi out (tf use, to show the owner's taste, 
Snug on the shelf ; or, should the wire be able, 
B^nd a fender on the parlour table." 

The lai^er sorts of trays are formed either by stamp- 
ing them at once in massy dies of metal, the faces of 
iHiich are hollowed out to the shape and size required ; 
hy swaying the edges with hammers ; or most generally, 
e^iecially in the better sorts^ by turning up the margin 
on a block, and jointing the corners either by means of 
idder or rivets^ and then wiring the edge in the manner 
adopted in the manufacture of tin utensils in general : 
by dus means the article is not only rendered more firm 
lod useful^ but its beauty of appearance when finished 
Innch increased. 

Besides these elegant and highly prized wares, an in- 
eonceivable diversity of pans^ boxes, buckets, baskets, 
scrips, &c. are now found in every hardwareman's stock, 
die body of which consists of iron reduced to sheets be- 
tween smooth laminating rollers. A large proportion of 
these utensils are fabricated by merely connecting the 
edges of the metal, where requiring to be fastened^ with 
overlapping the margins, or at most by the means of a 
few rivets ; thus by the simplest contrivances, and from 
one of the cheapest materials, ingenuity forms innu- 
merable articles, which^ when neatly varnished, are as 
handsome as they have become indispensable. 
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The persons engaged in the business of rolling iroa b 
the skbn red hoi in an air ftirnace, and in this Gtate p 
them between the rollera ; a bo;, being stationed on i 
further aide, catches the pkte immediately on it« em« 
ing towards liim, with a pair of tongs, and when ca 
pletely delivered, he hands it over to the roller mao, « 
in turn reinserts it for further reduction, having met 
while diminished the distance between the upper » 
lower roller, by turning a screw, working upon coll 
over the former. During the process, by repeated he 
ing and compressing, the sheets are covered Hilh seal) 
to detach these, and keep the surface the more amoo 
tlic sheet, when drawn fium the furnace, is skelped u[ 
the floor, or on an iron plate, and by this means rou 
of this Croat is removed. 

Spades and Shovels. 

The operation otplattng, as it is calletl, in the mantu 
facture of spades and shovels, and which was fonnerl 
done almost exclusively by the fo^e-bammer or tkelpei 
is now expedited in the greater part of these 
especially those of the cheap class, by the 
the rollers. 

The formation of theae weU-known implements Is 
trade furnishing einployment and subsistence to a nit- 
inerous body of woriimeii, as well at Sheffield 
in tixe neighbourhood of Bmningham, and tn varioui 



Olber places. These articles nre laaAe of iron tnroughoiit 
the greater part of the body, the edge or cutting portion 
oalj' being composed of atecl. Tlic bars used for the 
purpose of making rolled spaitea conaist uf the eommoti 
mateiitl supplied b; the Staffordshire forges ; they ure 
three inchea wide, and about half an inch in thickness. 

Iq die manufacttiring process, one of these bara ia, in 
ihe first place, cut into pieces about nine inches in 
length, and these are again cut in two tTsnaveraelf in 
die middle. The oblique enda of each piece, a^er being 
luued, are driven towards the middle, and by two 
lumiiiermen, a maker and a striker, they are drawn out 
tn the anvil into what are ultimately to become the 
dieeks or atrapa of tlie shovel. In tliia stale the pieces 
ue nearly in the shape of a child's shuttlecock board. 
Two of these are then laid exactly together, and a bit of 
l^te steel about an inch wide is placed between them at 
Ifae square end : the whole now i% inserted in the iire 
nodi by the operation of the bellows it has attained to 
* welding heat ; it is then placed on the anvil, and by 
means of a sledge-hammer the two metals are firndy 
incorporated at the end, and likewise united along the 
odes ; the middle inside, where the handle ia to be 
iOMrted, being kept open by the driving of an iron cliisel 
down between the straps. In tliis state the article ia 
n«dy for the rolling mill. To perform this operation 
the metal is as usual repeatedly heated, and passed while 
red hot between the rollers, the only care particularly 
requited bdng to prevent the ears or straps from cohesion 
to consequence of repeated or over heating. On this 
account «fted cinders or dirt is introduced suddenly 
between the straps with a skimmer, when the iron ia 
beated previously to the flrat passing of it through the 
lollera : it will, hawever, somelimes happen after the 
beat care tliat some dt^ce of welding takes place. 

The common descriptions of iron which ailmit of being 
wrought in this manner without difficulty, would not hj 
By means endure (he strokes neeeesary in pladng witli 
Ike akelper, but would be fractured and sptnled by the 



beating. A belter kind of material, therefore, i 
irhen spadea or shovels are to be Epread out, as the beat 
sorts are, under tlie tilt hammer. It will be obvioOC-^ 
that, besidea the general luperioiit]' of the i 
mered shovels possess a dedded advantage o 
that are rolled, ia adaptatioii to the purposes for irhitfl 
they arc generally used. The former sort when i 
perly managed are gradually reduced in thickness froitt*! 
t!ie straight to the convenor cutting edge, while the latter 
can only be of uniform strength throufj^out, or rerf 
nearly so. In digging, or performing any work nbnv- 
the spade is req^mred to cut, the difference betweOD a. 
rolled and a hammered article is ver^ important to die- 
Libourer; while for the mere purposes of «AoneUinjr, where. 
the absence of this wedge form may be largely com> 
pensated by the general lightness of the plate, the reaiona 
for preference between the two sorts are almost neD> 
tralised. The steel, it will be observed, extends but 
partially through the extent of the bit, but ii 
a sufficient dietaoce to allow the article to be worn dowa 
in a reasonable manner. 

In this stage, in consequence of the heat and flatten- 
ing, whether by the forge or the rollers, espedally die. 
latter, the surface of the plate is covered with a thick" 
scale; to remove this, as well as to stiffen the metal, Il> 
is heated and hammered smartly on the anvil, i 
during the operation being frequently skimmed upon tht 
surface to displace the s^es. Sometimes when one of- 
these red hot shovels is brought from the hearth uair 
placeil on the wet anvil, on being struck with the gi 
hammer a report like tlut of a gun takes place. 

The article being tlius hammered, is next pared 11 
shears to the stmpe required, after which it is swagei 
tamed up at the edges, &c. the hollow socket fiw ti 
shaft opened by means of the hammer and a few oth 
subsidiary tools at the anvil. The shafts are genecallr 
made of ash, either bent or sawn into the shape required J 
at the fitting end, while upon the other is formed tbftj 
crutch or open handle, according to preference, 



e " Devonshire ahovela," when made for exportatioiij 
deliTered wliiiout shafM, by which means iliey are 
li less cumberBomc than die others, which are gene- 
' sent abroad or fumislied to the home market In a 
pleiely finished state. 

Plantation TooU. 

here is another class of heavy plate-iron arlidee, 
edy the production of the fo-rge, and in the eitport- 
inf which, under the designation of plantation tools, 
nuing trade is carried on between tliie country and 
olonies. These tools consist of matchets, cancbitls, 
Mea: tbe forraer are large knives or cutlasses, either 
ipeBmilartoNo.l./j.Sg.below, about twenty inches 




two inches broad, and the handle formed by tum-> 
y the iron in the manner of a tube; or they resemble 
Ufg.SS. iwenly-dx inches in icngth,with a wooden 
luft, like a bread knife. 

e canebill. No. 3. differs, it will be seen, not much 
the common hedging bill: it is, of coarse, double- 
"^ged, and tlie handle consists of a stout socket, formed 
by welding the iron, as in the case of the matchet above 
described. The hoes are of three sorts, including various 
laies : let, the East India grubhing-hoe, which is long 
■ml narrow, somewhat like an adze ; Sd, the 'West India 
hie, which is much larger, being nearly the width of a 
11 Hpade; and 3d, tlie Carolina hoe, which is larger 
f and formed like an inverted shovel. They hove 
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each a stout eye, or loop, at the top for the rewptiQii of 
the huiiUe. Formerly these hoes were largely manufiis 
tured by tlie Sheffield edge-tool makew, »nd fetched good 
prices; latterly, however, in reference to these imple- 
ments, that town has been somewhat supplanted, in the 
estimation of the merchanlg who trade to the colonial 
markets, by the smiths of Staffordshire, who filmish 
the gooda on such terms as almost to preclude coi 
petition. 

Tliey are wrought by means of a forEe-hammer, 
sketper, in the same manner as shoveU ; and unfor 
nately, like some of the latter articles, look very highly 
as to workmanship, when in reality they arc exceedinglj. 
little worth. There ought, at least, to be a little ated 
on the edge ; but they have actually, for the nke of 
cheapness, been ordered and manufactured entirely of 
iron ! The implements are unwieldy enough at best, and 
such as few persons in this country would like to be 
compelled to use, day after day, under a vertical mm: 
there was little need, therefore, to deteriorate the effi- 
ciency of the hoe, or rather to deprive it of it« ei^ alto- 
gether. But in tools designed to be used by penoiu 
whose time and labour are accounted of no great value, 
and whose comfort is rated still lower, excellency 
material, and superiority of workmanship, weigi 
in the scale against cheapness and cupidity. 

Some years ago we saw, in the hands of the 
an implement, certainly of most ingenious 
but which, had it found its way to tlie plantations, 
met with the approbation of the colonists, would 1 
been more to be deprecated than even the sleelleas attit 
olreatly noticed. It consisted of a spade, hoe, and 
tock on the same shaft: the two latter were of one; 
turning on an iron joint at the extremity of the ibt 
and opening out as represented in fig. 30. When 6 
used as a spade merely, the mattock was depressed 
the cavity cut for ita reception on the upper surfece 
the shaft, in v/Vidi situation it was detained, and ' 
tool made firm for use by pushing down over it a s 




Grooved Rullers. 
The use and importance of rolleiB are bf no means 
confined to ihe process of flatting metal into eheeti or 
strips for the manufactures already menCioneilj and olhers 
of a like kind, includin;; wheel-tire, iron hooping, &c, 
in the formation of which, at the rolling-mill, a pro- 
digioaa saving n, of course, effected, compared with the 
expense of bringing the material into the same state with 
the hammer- 
Iron that has been worn out, or old iron, as it is com- 
mon]; called, is most generally re-manufactured ii 
sorts above mentioned, 
collected by the smiths and other 

but most largely in London and the sea-port towns, by a 
class of persons citlling themselves " dealers in marine 
stores." By these dealers it t% assorted into three parcels 
for sale: Isl, coaeh-tire, as they designate the ivorn out 
or other material of Uke strength ; 2d, fiusSef- 
m, or the fragments of old hoops, and all pieces of 
Nze ; and 3d, scrap or nut-iron, consisting of 
eWB, nails, knobs, and Che smaller lumps and 
n general. 



netal for this purpose is 
r the country, 



These ftre at the foT^e made up into fug. 
bundliDf; bench, in the I'ullowing manner: — Twoct 
&rde of iron, in fonn somewhat TesembUng the letter E 
oiil;r square at the bottom, are fastened on ' ' 
at the distance of a foot or more from each othm. 
the epace between these uprighta are laid acrOBsthelM 
two bands of soft iron, about a quarter of an inch squa 
and over these, pieces of the old hooping properly strai^ 
ened and cut into lengths, so as to form a foundatioii 
upon these are placed similar pieces to form sides, tl 
interior being filled with bushel-iron or scraps; the ta 
is then, in like manner, covered with flat pieces, nttt 
which the iron bands are brought over the faggot an 
firmly twisted together. 

The faggot thus prepared is then inserted in a irinc 
furnace, and when brought to a welding heat, it is with 
drawn, and formed into a bloom by being passed betwes 
the large rollers already described. It is then i 
again, and passed between other rollers, which are groove 
on the Hurface in ruts or spaces, according as the roeb 
is intended to be reduced to the strength of wheel-tyie, 
hoop-iron, or diffbrent sized bars. 

There are in most of (he iron-mills scU of rdlen 
with every variety of corresponding grooves and surfaco 
These pairs of rollers are generally placed so as to rang^ 
in a line with one another, their evolutions being efieeta 
or euspended by the means of coupling boxes fitted t 
the square projecting part of the approaching axlea. 

This arrangement affords the simplest and most ready, 
method of throwing the rollers into or out of gear, as Ifc 
is termed; but as it causes, at the same time, ihrou^ 
the effect of torsion, the roUen farthest from the firH 
mover to work with much greater stress than those tl 
are nearer, the former are used for the lighter operatioiu 
and the latter in those processes where (he greater degrei 
of resistance is required to be overcome. 

M. Lagerhjelm, who made experiments on rolled a: 
hammered iron with very complete and powerful app 
LB the following results ; — " Rolling alway 
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gare to the same iron the Mine uniform liensity. Hani- 
tneretl bars of [he suae iron are often of different ilengi. 
ties, and fi-eqoently contain scaiea. Rolling doea not 
iwist the fibre of the har aa hammering Eometinieg does. 
The measure of elasticity ia the aame for both hammered 
and rolled bars ; hut the Umit of elastidcy (measured by 
the greatest weight that the har can support, for a given 
aectionnl surface, without any permanent change af form,) 
is greater for hammered than fur rolled bars : if neither 
have been refolded, the Umit of elasticity ia increased, 
ftnd beeomea the same for both. Rolling gives more 
ductility to iron than hammering. Cohesion appears ni- 
dependent of the process employed, and is the same for 
both. The coheaion ia the same for brittle as for soft 
iron, fibrous, or not fibroua ; aa that the absolute strength 
*f iron appears to depend upon ila ductility. The to- 
lume or bulk of the metal increases as the har is drawn 
■sunder; and the specific gravity of the iron at the 
broken surface is less, by nearly O'Ol, than that of the 
came iron taken from an unaltered part of the bar. 
When the iron is stretched, preparatory to its fracture, 
heat ie evolved: the heat is greater for soft than for 
harsh iron. Somedmes a bright spark appears at the 
moment of rupture." — BuUelin Universel. 

The practice of slitting, as it is termed, sheeU of metal 
into light rods, either for the use of the wire-drawers, 
ntdl-mabers, or for other purposes, has long been known 
aa a euccedaneum to the more tedious coturses of forging 
or cutting it into shreds with shears. 
Fig.sl. 

This method con^sts in the adaptation of two pretty 
large si eel rotJers, each channelled circukrly, ae le^te- 
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■ented infg. 31. These are so pltced thit iIh-4 
or ruee<t poru of one roller, which aie exactly tamed 
that purpose, shall work in the cormponding diani 
of the other roller, thus forming what may be cal 
revolving shearn — for theprineipleiatliat of clipping! 
that a abeet of metal, on being passed through this t 
chinery, is separated into slips agreeing in siie with 
diviuons of the rollers. It will be clear that, by tnin 
in the surface of the rollers semidrcular grooves, inat 
of square channels, and making the grooved aartl 
exactly to correapond, round rods of iron, sudi u 
used for paUsadoes, wire, and a variety of other p 
poses, may easily be produced. In fact, the roll 
machinery is lai^ely applied in the manufacluie of I 
description of iron. 

A less obvious application ot the rollers has lattd 
been attempted in the construcuon of Itibet for gas i 
other purposes, and for which a patent has been giaul 
to Mr. Rusaei, of Wednesbury. In this process, pj 
iron, previously Tolled to a proper thicknesa, ia cut i 
ench strips or lengths as may be desirable, and in biew 
corresponding with the width of the tube intended Ic 
formed. The sides of the metai are then bent op « 
swages in the usual way, so as to bring the two edge) 
Fig.a: 
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Uock or bobter, with a groove suited to and correspond- 
ing with a limitar groove, D, in the fncc of the block: 
C is a wheel nilli projecting knobs, which, striking in 
foccession upon the iron-shod end of the hammer shaA, 
cause it to strike rapidly on the tube. In this process, 
the tube is repeatedly heated and hammered, until the 
welding is completed from end Co end. A maundrell 
mav be inserted or not during this operation. When the 
edgea of the iron have been thus thoroughly united, the 
tube is agun heated in a furnace ; and then pasied 
throogh B pair of groored rollers similar to those used in 
the production of rods, J^.3,^. Suppose a tube, D, to be 
pttang ihroogh these rollers, of wtdch jig. S4. representa 
Jlig. 34. 




ion, immediately upon its being delivered 
n the groove it receives an egg-slmped core of metal 
(1 on the extremity of the rod E, over which the 
ie sliding an its progress, the inside and outside are 
pected together. A patent for a similar process had 
fcn granted in 1808, to a person of the name of Cook, 
ptlie manufacture of gun barrels : the schemes, at least, 
g identical so far as they each consistfd in welding 
I or steel into tubes, and then perfecting them 
g them between grooved rollers. 

Iron Rail*. 

■ The introduction of malleable iron road rails for loco- 
motive steam travelling and other carriage roads having 
created, as already observed, a new sera in the iron trade, 
the powerful and economical process of rolling lias been 
mtroduced to facilitate the formation of this heavy de- 
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(cripdon of articles, and hia BuperEcdcd to ft Urge e 
the UBc of cast-iron raik even of ihe moat approved 
md construcdon. Hamniered iron rails of variotu i 
were becoming generid, when, in 1820, Mr. Birkii 
of tlie Bedlington ironworks, obtBined a patent ibr 
improvement in tlieir form. The sbape of the null 
able iroD rails previously used were bars from two 
three feet long, atxl one (o two inches square ; but dtb 
the narrowness of the surface produced such it\jiuy 
the wheels, or by increasing their breadth the expu 
became so gTcat,as toma.ke thecost greater than cut hi 
which, conseijuentty, was generally preferred, & 
Wood, of Killingworlh, in his Practical Treatige i 
Railroads, observes, that " it was lo remedy these i 
fecta in the malleable form, and at the same time 
secure the same strengtli as the cast iron, (hat Mr. fi 
kinshaw made his rails in the form of prisms, or ainS, 
iti shape to the cast iron [ones of the most spproi 
form]. 1, Jig. 35. shows a side view of this kind 
Fig. 35. 
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rail ; S, a plan, and S, a section of the same i 
llirougl) the middle. 

" Tliese rails are formed by passing bars of iro; 
when red hot, through rollers with indentations < 
grooves in their ))eriplieries correaponding to the ii 
tended shape of the rails ; the rails tlms formed preseol 
the same surface to the bearing of the wheels, and theil 
depths bring regulated according to the distance baa 
the point of bearing, they also present the strongest fom 
if section with tlie least material. The mode of rolling 
these ban k ^j^^J^Aj^^''^ t''^'" ''"' grailual b 
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B the middle, not only in tbc horizontal section, 
r but also a lateral swell commencing at each support, 
graitualty increasing to the centre, and then again taper- 
ing towards the point of support, are very ingenious. 
They are generally formed in lengths of twelve to fifteen 
' feet, and subdivided into bearing lengths of three feet 
each ; but the patentee adds, in his epecificaCion : ' the 
f respective rails may be made of considerable lengths 
n feet I should recommend), by which the in- 
ncc of numeroua joints is reduced ; and, conse- 
taiHy, the shocks or jolts to which the carriages are 
■ ct from passing over the joints {very much to the 
J of the machinery) are aleo diminished. And in 
r still further to remedy the evil aiising from the 
Is of the railroad, I propose to weld tiic ends of the 
IB they are laid down, so aa to form a con- 
e length of iron rail in one piece.' 
le joinings of these rails, as shown injSj. 2. pre- 
e square at the ends, similar to the old rails; 
no difficulty in forming them with a half-lap, 
i thus giving them the eame superiority of joining as 
d by the improved cast-iron rails." 
Fig. 36. 




I Fig. 36., given above, repreeenia the rollers, as deli- 

' 'n the margin of Biikinshaw's specification in the 

iffice. The open spaces along the ndddle of the 

s, and which owe ilieir figure to the moulding on 

h periphery of the rollers, indicate the form assumed 

rail as it is passed successively from the 



larger to the BinaUer BperlurCE, till it i 
last. 

An objeclbn having been maile to theie mailed 
rails, an the ground tliat the great weight on the whed 
rolling upOD ihem expanded their upper surl^ace, ci 
it at leogdi 10 separate in thin lamina, although t 
iTuurjr from direct oxidation was comparative]; b 
Mr. Longridge, one of the proprietors of the BcdUngtOB 
works, proved that malleable iron rails, which had beat 
laid down sixteen fears at Tindale Fell, had no appear* 
anceof laminRtion; the whole of tlie weight oriron bong 
indeed very little (he worse for wear. 

In a report on this euhject by Mr. Stephenson, of' 
Newcastle, the patentee of the cast-iron improved nil, 
the writer states that " the great oliiect in the eon- 
Btruction of a railroad is, that the materials shall be 
such as to allow the greatest quantity of work to be doM 
at the least possible expense, an! thai the materials also 
be of the moat durable nature. In my opinion, Birliin* 
shaw's patent wrought-iron rail possesses those advaii< 
tages in a higher degree than any other. It is evidalt 
that such railB can at present be maile cheaper than those 
that are cast, as the former require Co be only half tha 
weight of the latter, to afford the same lecurity to tha 
carriages passing over them; while the price of the one 
material is by no means double that of llie other. 
Wrought-iron rails of the same expense admit of a 
greater variety in the performance of the work, and em- 
ployment of the power upon them, as the speed of tbt 
carriages may be increased to a very high velocitr 
without the risk of breaking the rails; Ilieir toughneM 
rendering them less liable to fractnre from an impuluTi 
force or a sudden jerk. To have the same advantage* is 
thii respect, the cast-iron rails would require to bs di 
enormous weight, increasing of course the original eottJ 

" From their construction, the malleable iron ruls ai^ 
much more easily kept in order. One bar is made loi^ 
enoi^h to extend over several blocks ; hence here art 
fewer joints or joinings, and the blodta and F ' ' '~ 
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It in Steeping each olher in their proper places. Or 
< Kcount, also, the carriages will pass along such railE 
« Emoothly than they can do on those tliat 



of 



" The malleable iron rfiils are m 
Kwolw in (heir decay, by the contact and pressure of 
* wheel ; but ihey will, on tlie whole, kst longer than 
1 tails. It has been said by some engineers 
U iiB wrought iron exfohatee, or separates in lamins, 
I part which is exposed to the pressure of tlie 
This I pointedly deny; as I have closely ex- 
I raila which Imve been in use for many years, 
R heavy tonnage passing along them, and on no part 
^saeb exfoliations to be seen. Pressure alone will ba 
K destructive to the cohesive texture of cast iron than 
light iron. The true elasticity of cast iron 
s than that of malleable iron; i.e. the former can 
t>,(Iuteniling power be drawn through a greater space 
t permanent alteration in the form, but It admits 
f litde change of form without producing total 
Malleable iron, however, is susceptible of a 
f great change of form, without dimttmtion of its 
eiive power : the difference ii yet more remarkable 
I wbcD the two substances are exposed to pressure; for a 
Ibice wliich, in consequence of its crystalline texture, 
would crumble down the cast iron, would merely extend 
or flatten the other, and thus increase its power to resist 
the pressure. We may aay, then, that the property of 
bong extensible or malleable destroys the possibihty of 
' afoUation as long as the substance remains unchanged 
by chemical agency. A remarkable difference as to uni- 
(brmity of condition or texture in the two bodies pro- 
duces a corresponding want of uniformity in the effects 
of the rubbing or friction of the wheel. All the particles 
pr malleable iron, whether external or superficial, resist 
Wparalion from the adjoining particleB widi nearly equal 
fofces. Cast iron, however, as is the case with other 
bodies of similar formation, is both harder and tougher 
in tho exterior part of a bar than it is in tlie interior. 
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This, Doubtlees, arises from tlie cnore rapid cooling a 
the exterior. The consequence is, llml when ibe uppa 
surface of > cast-iron rail is ground eway bj the fricD' 
of the wheel, the decay becomes very rapid. 

" The eSL-cts of the atmosphere in the two caws i 
not so different as to be of mueh moment. On no m 
leablc iron railway has oxidation or rusting taken p 
10 any important extent. 1 am inclined to think tha| 
this effict is prevenli'd, on the bearing of Eurftces e" 
much-uaed railways, by the preisure upon them. T 
■ccount for tlleir extraordinary free<!om from rust, it i 
almost necessary to suppose that some diminution ti~ 
place in the chemical affinity of the iron for the oxygen 
or carbonic acid. The continual smoothness in which 
they are kept by ihe cnntuct of the wheels bas tb4 
usual efiiKit of polish, in presenting to the destroyinif 
influence a smailer surface to act upon. The I ' 
oxide or crust, which always remains upon rolled iioti/ 
appears to act as a defence against the oxidising p 
of Ihe atmosphere or water. This is the reason whydw 
rail does not mat on its sides,'' 

Perhaps the moat conclusive and valuable teslimonj' 
IQ favour of the malleable iron roads, and especially ot 
the rolled rails from the Bedlington works, is to be de<i 
rived from the simple fact of their first adoption, 
the latest improvements in their manufacture, ii 
railroad between Livefpool and Manchester, which w»i 
commenced in June, ISS6, and opened with a iplen^i)| 
aucceas on the 15lh of September, 1830. The ■■ _ " 
expense of the rails on this line is said to have been< 
about 121, lOs. per ton, — apparently a high price, a» 
compared with tlie facilities of their manufacture, and 
the market price of iron at the time. 

The opening of this road will ever be hiitoricilly 
identified with the catastrophe which, in the very midst 
of the ceremony, deprived society of a very excellent' 
man, the nation of a highly experienced senator, and 
commerce of its warmest and most successfol advootte. 
This allusion will be readily understood to te£a to Ihe 
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w right honourable William Huslcieaon, esq., late member 
I *r p«rli«roeiit for Uverpuol, wlio lost his life in coiiBe- 
I ipei(s of being run over bj a (rain of steam carriages 
I on the day when this railroad was opened, amidst an 
le axKOiblBge of speclatura. 
Tha rapid extension of railroads over every part of 
L liedvilieed world ha» led to numerous improvements 
e manufacture of rails, a few of which must be 

^gbt of railroad bars varies according to section 
There are some of 4-0 pounds per yard, 
e of 80 pouniia, dlmosl every railway company 
FiDploying bars of a different section. Besides flat rails, 
■hich are still in use, we have bridge rails employed, 
nhich have tbe form of a reversed U. These have 
9 parallel sides, or, as in dovetail rails, the sides 
ire contracted. The fl rails are more easily manufac' 
lured than the Z rails, tlie difficulty of tilling the flanges 
not being so great m in the latter rail. The rollers for 
iBanufac luring such rails are at least SS inches in dia- 
meter, and make about 70 revolutions in a minute. The 
Kelions of these rollers are Buch as to produce the re- 
<{uired form of the rails. After a rail is Snisbed at the 
rollers, it is carried to the saws to be cut square at the 
Olds. These saws are circular, with coarse teeth, and 
ire about three feet in diameter, made of sheet iron, or 
ID some cases of steel. They rnove with great rapidity, 
naking 1500 revolutions per minute, and cutting 
through a rail in a few seconds. 

From thesawH the rail is put upon the straightetiing- 
bench, which is constructed according as the rail is fl 
or X-shaped, and by this and with sledges on an anvil, ' 
they liave all twist tslten out of ihem. A priie medal 
WM given to Mr. W. H. Barlow of Derby, by tbe council 
for awarding prizes in this department of the Great Ex- 
hibition. The rail of Mt. Bartow is made to form its 
own continuous bearing. In section the rail somewhat 
resembles an inverted Vi with ends considerably 
turned outwards. This portion forms tbe torface bj 
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which the rail bears upon the ballasting, the 4pex of dl 
A being formed with flanges in the ordinary form 
rails, and the rail, therefore, beds throughout on dl 
ballast. It can be yery easily packed up and adjustei 
vhen out of pUce, and all the fittinga of sleepers, chaini. 
and keys are done away with, nothing being requiiea 
besides the rails themselves, except a cross or tie rod at 
tlie joints, to hold them at the proper distance a 
so as to keep the gauge of the line. These rails bare 
been tried on the Midland line, and the result, as shoi^ 
by the diminished oscillation and vibration of the ti 
in passing, and the smaller number of hands required' 
to keep this portion of the line in order, are hjghlf 
satisfactory. Man; other lines have recently adopt^ 
this patent rail. J^tgs, 36 a. and S6 b, represent thv 
patent rail and the old X rail. 

A great importance has of late years been given to & 
manufacture of wroughl-iion in large masses, by the I 
increased scale which every form of construction in iron 1 
is assuming. At llie Great Exhibition, the Derwent _ 
Iron Company exhibited a railway bar measuring 66 feel " 
9 inches in length. 



S.I. iNTIQUITV t 



IIbii important class of artificers in iron, anciently 
ihia country under the general and compre- 
Bignadan of smiths, may be said tu be repre- 
ileil by the blacksmith of moiiem times : the latter 
epithet itself has, indeed, been applied by sorae of our ol'l 
much larger signification thxn that to which 
iliB generally confined at present. It must, however, be 
Kmarked, that among our anceatora, and in modem trades 
extenmvely, the appellation "smtih" ie suffixed 
Eenns denominating the workers in various other ine~ 
as iron : — - the goldsmith, the silversmith, 
coppersmith, &c. being the weli-known designations 
men employed in manufacturing those metals. Tlie 
smiths, however, noticed in our earliest records, and who 
were ihe first native iron ivorters, appear to have re- 
sembled, as to their avocations, the class of men men- 
tioned in Scripture by the same terra, not only in the 
general description of their tools and method of working, 
hut even in their importance as arraourerB. " Now there 
was no smith found throughout all the land of Israel ; 
for the Philistines aaiil. Lest tile Hebrews make them 
swords or spears : but all the Israelites went down to 
the Philistines, to sharpen every man his share, and his 
coulter, and his axe, and his mattock. Yet tliey had a 
file for the mattocks, and for the coulters, and for the 
forks, and Co sharpen the goads." — 1 Sam. xiii. 19 — 21. 
Apparently in reference to this very state of things, the 
'j^Umighty is represented by the prophet as saying, " Be- 



hold, I have created the smith tliat blowelh (lie co 
the fire, and that bringeth forth an inBtrument ft 
work ; and I have created the waster to destroy : Dl 
weapon that is formed against thee shall prosper."- 
laaiah, liv. I6. It nas on account of their importano 
in the fabrication of weapons, tliat workers of iron i 
quired their great distinction in the earliest periods 
British power, and when the king's smith was honourel 
with the peculiar favour of the sovereign. 

The modern blacksmith is diBtingniahed from thi 
whitesmith, ur briglitsmith as the latter has aometimi 
been called, by the circamstance of his finishing bis al 
ticles upon the anvil, and in this state delivering thei 
for use; or by smoking them over the fire, or Bmearin 
them while hot with pitch, and thus giving to them 
glossy black and finished appearance. Neither the lun* 
ing-Uthe, the grindstone, nor even the file, are in genen 
applied to perfect the productions of tbe blacksmith' 
handicraft. Besides the shoeing of horses, which is hi 
chief and characteristic occupation, he is dso the mak< 
of common chains, plough and wheel tire, and, in feo 
whatever of iron work attaches to ttle implements ( 
husbandry generally ; besides numerous other mattel 
implied in the comprehensive designation of " jobsmith,' 
which he mostly assumes. 

The substitution of iron for wood has of late yeai 
taken place to such a large extent in articles connects 
with cnrri^e and husbandry, that the demand for smith 
work, and, indeed, for the smith's ingenuity, haa 
increased. Not only the ploughshare and the coulte 
and the teeth of the harrow, but ploughs and harrow 
are entirely fabricated of iron, and, for both, p 
have been obtained. Iron ploughs, although soni 
heavier than wooden ones, are allowed to work very d 
sily, and last long ; they are, however, much more UM 
in Scotland than in England. In the little town of AlK 
wick, Northumberland, there is a somewhat noted maid 
of iron ploughs. In every plough, not only ilie par 
above named, hut the sole or under plate, and the i 
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it n sliptj formerly called the earth-board, from iu 
tning orer the sward or the soil when cut bj' the share 
i (he coulter, are of iron or cast metal. 
Iran axles for common carts have latterly come into 
U Ti^oe, even with the poorer sort of peojfc, as bdng 
dtcheaper to uphold and easier to work than the tliick 
llden onea merelj clouted with iron plates. An 
Mite opinion to this formerly prevailed : iron axles 
v allowed to work more smoothly in a nicely fitted 
ll nave bush; but, on account of ihe comparatively 
£ diameter of the spindle part, and the inflexibility 
henutterial, there existed andiion that a two-wheeled 
iele with iron axles dislrcSEed the horse much more 
k one mounted on wooden axletrees, where more play 
f tmially allowed to the wheels. The compiler of 
fTolome, who has travelled regularly during a quarter 
I eeutury along a road exhibiting, perhaps, a greater 
iber of one-horse ca.rt9 laden with coals than any 
gr turnpike in the country, hna noticed a considerable 
le of three varieties of alteration in the construction 
diese vehicles within the last few years. In the first 
a axles are becoming almost as common as once 
! rare; and these not in the rough, as from tile 
dcsmith's forge, but in general most accurately turned 
o the bushes. In 'the second place, no small 
portion of these iron axles are covered with brass 
, fitted into the nave of tlie wheel and revolving 
it. By means of this sdniirable contrivance, not 
' ii almost every drop of the oil retained within so as 
itoin a perfect lubricity upon the metal surfaces 
tct, but at the same time every particle of dirt is 
d from without. The third noticeable pecuharity 
|i<U in the tiring, the breadth, and the inclination of 
nAede : instead of being nniled upon the outer pe- 
y of the felloes in short, separate pieces, it is ge- 
/ in entire rim riveted but in one place, and thus 
I binding the parts of the wheel most firmly together, 
not being liable to get loose or fly off. Wheels) 
dderably increased in breadth on their shod surface. 



to take Rflvsntage of a late enactment which reduces Ml)i, 
in faTour of such, ate not uncomtnon ; nor are othe 
like width, and perfect!;^ cylindrical, by any ineai 
rare occurrence. Wheels of this last description art 
iloubtedlyfhe beat for sparing the Eorface of the road ;' 
and still more so are apringB interposed between the hoAf 
and ude of vehicles of any kind : as tills arrangenient 
saves both the road and the horse^ it is to be regretted 
that any fiscal r^ulations should exist to prevent its 
extensive adoption. The custom of making ai! sorts nf 
earriage wheels revolve at the same dittance, is ai 
surdity so injurious to roads, good or bad, that one < 
dera how turnpike trusts put up with it. The tiring of 
wheels with iron, or some other metal, was a part of the 
occupation of tiie smith in very early times. Andent 
monuments exist, upon which the tire and the nails on 
the wheels of war-machines are very distinctly sculp- 
tured ; and it is remarkalile that the lava-paved st 
of Herculuieum discover deep ruts, worn, no doubt, by 
the friction of metal-hound wheels. 

The degree, however, in which the blacksmith de. 
viates from the more laborious formation of commoi 
tides out of common iron, by the ordinary processes of 
forging, welding, riveting, &c., depends, in a great mea- 
sure, upon bis situationj and the employment of the i 
people in his neighbourhood. In large towns, wh«* 
■vhitesmiths and other classes of artificers abound, the 
blacksmith is perhaps seldomer engaged in their i 
approprisCe, and to liim not unfrequently less lucrative 
avocations. Indeed, so unprofitable ts this occasi 
transition from the forging of black to the finishing oE 
bright articles regarded Id the north, that there exists ai 
apophthegm to the eifect that " The smith that is a bbck- 
smith and a whitesmith too, maun gse shoe the goslings." 
Notwithstanding, however, this signiScant hint to ' 
maker of horse-shoes to keep close to one business, ii 
generally observed that the Scotch blacksmiths en 
more largely into the manufacture of miscellaneaua arti- 
cles than Iheii English fellows. 
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i, howeveTj in »il!«gw retnoie from tlie large toiviis 
ihat the blacksmith may b« iixa lo aEsume not merely 
his real importance as a mechanic, but his relative con- 
a member of aociety, by presenting ihat^'nc- 
toftim character, which not only indicates that he i» an in- 
ilispensable artificer in iron and even Bteel, but which has 
led ID his figuring in poetry, romance, and even mueic ; 
for who has not heard of [he " Harmonious filacksmilh" 
Bf Handel, the " Wayland Smitli" of sir Walter Scott, 
"Wat Tyler" of Robert Southey ? Besides 
Ae appropriate business of farriery, including the iloc- 
totlDg as well as the shoeing of horses, the snomalouB 
tToeations of cowleech, dentist, parish derP, precentor, 
ind newsmonger in general, have been collateral dis- 
ione of the village Vulcan ever since, and, indeed, 
g before Shakspeare's celebrated passage was written, 
p which Hubert is mode to say, — 




And it so happens, that at the very moment of tran- 
scribing this page, an anecdote of so singiUar a character, 
aa connecte<l with an individual of this fraternity, is 
travelling through the newspapers, as irresistibly to lempt 
its preservation in this place, as mure likely lo reflect 
honour upon the craft in the estimation of most persons 
than the most notable incident in the life of St. Uunstan 
himself. — " At the late electioneering canvass for the 
Lanark district of burghs, between Mr.Gilion and Mr. 
Slonteith, a poor hlscksmith in Peebles, of the name of 
Alexander Brodie, was waiteit upon by Mr. Munteith's 
party, anil actually offered 1000 pounds for hia vote ; 
but this the honest man firmly declined, and, in spite of 
all entreaties to the contmry, went and voted gratis on 
the side which his conscience told him ought to be sup- 
ported. So great was the admiration excited by this 
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inaUnce of integrity, that one of Mr.G 
daguished friends Intel; presented to Mr 
some silver snuff-box bearing the following ii 
which ia alike creditable to the donor and receivrri 
' To Alexander Brodie, blacksmith, member of the to 
council of Peebles, this box is presented, a 
respect and esteem for the unrivalled instance of at 
worth and incorruptible integrity exhibited by him d) 
the recent canvass for the representatidn of that b 
b; one of Mr. Gillon's oldest and most attached fii 
sir James DalieU, bart., of Binns. Ang. 23. ISSa'^ 

This slight digression from the craft to the thaim 
of the blacksmith may be the more readily excused, e» 
by the most choleric reader, when it is recollected d 
in our enlightened limes, instead of the t 
" blacksmith and jobsmith in general," the makei'fl 
hotse-ehoes paints on his sign-board " veterinary lo 
at the least : and there is, or at least was a few j^M 
ago, over a common horse-all oeing blacksnuth's sbcpp li 
joining the Eglise de St. Sulpice, at the end of the n 
Feron in Paris, the words " artiste vHfrinairel I !" 

The interior fitting and furniture of a btacksnn^ 
shop ia that of a smithy in general, compneing a 
bellows, vice, anvil with bick-iron, water-trough, & 
Ills portable tools are few and simple, compared wiA tl 
complex paraphernalia of the whitesmith- As his I) 
lows are of special importance, it is requisite n 
that they should be large enough, and properly « 
to produce a sufiicicnt blast, but that they should ll 
made of good materials, otherwise they will be eond 
all}" getting out of order, and thus be productive c^ 
convenience and expense to no small amount. The ni 
form of the smith's bellows approaches that of t b 
kite, and they are either single or double: in the fon 
case they consist simply of two weli-seasoned elm b 
of the shape just mealianed, along the sides and r 
the wide end of which a pliable piece of leather ia fii 
ened by means of flat-headed nails driven ihn ' 
into the board at near intervals, and distended i 



reuloi end iy light wooden hoopa Rxed iiiBiiEc, 
ntUei extremity, the npper board on a hinge u 
to a cog of wood, through which the metal pipe 
nuHEion of [be blast U itlao fastened : the lower 
bich in these single belJowa is stationary in an 
. position, has a hole with a valve or clack, 
!iu upwards in the inside, and tlius admits the 
die superior board rises, and closes i^ain to 
iU being expelled throngh the pipe when that 
t, which it is gKiierally made to do with suf- 
ce by means of a weight placed upon it. Bel- 
ls kind resemble, in fact, those commonly used 
B, and which, as they only emit a blast during 
compression, or, in otlier words, while the 
cd is falling, th^ blowing is merely a succession 
pled pufls: to overcome this inconvenience, and 
I continued blast, two pairs of these dngle beJ- 
placed alongside of each other, the boards of 
alternately raised and suffered to fall by means 
iprocBting inotior. of a lever to which the rocker 
~ia attached. In general, however, the smiths 
d the very superior iloubie bellows, in ap- 
about twice as deep as the others ; they consist 
nary board in the middle, with a moveable one 
below, being, in fact, two bellows worMng on 
<r and superior sides of a common fixed plane : 
here is a valve in the middle as well as in the 
and as the noizle or pipe of the bellows 
eates with the upper chamber, it will be 
bat when the inflation is kept up, there must 
passing through the pipe a regular current of 
n-hen both lobes are distended, if the under- 
drawn upwards by depressing the staff, the air 
through the valve in the middle board and out 
It ; when, on the other hanil, by raieing the 
lower board is suffered to fall, the weighted 
I following it, forces the enclosed air against 
, the inner valve, so that the current is com- 
nue at the proper orifice. Tbus, by alternately 



raistng and depressing the lower board, b; which loeai 
the upper one is raised and depressed Bt the urae tiinl 
an uniform and constant blast is malnlnined. 

In the construction of bellows, the leather should DC 
only be Euffidently pliable lo work easily, and atron 
enough not lo wear out presenlly, but likewise of such 
texture that it shall not allow the air to escape throng 
iu substance. Well dressed ox or cow leather isgei 
rally preferred, and, when in use, is occasionally dubl 
over with neat's oil, or some other unctuous aubatan 
to prevent it from cracking, and to render it mote i _^^ 
tirely impermeable lo the air. Vii^l, who incidental^ 

recommends bull leatlicr as proper for this pu ^^ 

would certainly obtain but little credit for sound, 
inent on tills subject among modern bellows'-inakei 
All (he materials being good, the strength of blast whict 
a pair of bellows can produce depends upon the quantitj 
of air received, and the force with which it can be ex 
pelled ; the former, of course, varies according to thi 
area of tlie boards and the extensibility of the leather 
the latter according to (he length and leverage of the 
han<l3taff, and also of the bellows-boaids. 

Some years ago, a patent was obtained by a clever 
bdlows-maker of tlie name of Lindley, for circular beU 
lows ; which, as they occupy but half the room of those 
of the ordinary construction, and, in consequence of their 
yertical motion, inhale a larger volume of air, they have 
obtained considerably, especially when not required of a 
very large size ; for as tliey have no board leverage, lik»^ 
the ablong-Ehaped bellows, they cannot be worked with, 
the same ease as the latter. 

The Cliinese smiths have bellows of a very simple con- 
struction, being composed of a square pipe of wood, 
within which works a square piece of wood in the man- 
ner of a piston, and wUicli is made to fit sufficiently 
tight without leathering : at the bottom of the box is the 
pipe, with a valve opening inwards. Wooden bellows, 
or blowing boxes, have long been in use among the con- 
tinental nations, especially in Germany. Samuel Rey- 



TTATBB TBW-IBOK. J S.f) 

luthor quoted hj Beckmann, says, in a work pub- 

inl725, — " About eighty years ago, a new kind of 

I, which ought rather to be called the pneumatic 

-i;. was invented in the village of Schmalebuche, in 

,f principality of Cohourg, in Franconia. Two bro- 

, laillerB, in that village, Martin and Nicholas 

ij by means of some box made by them, the lid 

Ihioh fitted very exactly, found out these chests, as 

I told by one of their friends, a man worthy of 

b Theee chests are not of leather, but entirely of 

t joined together with iron nails. In blacksmitha' 

l^diey are preferred tu those constructed with leather, 

nae they emit a stronger blast, as leather Buffers the 

toe subtle part of the air to escape through its pores." 

In order to prevent tile iron passage-pipe of the bel- 

I lonB from being burnt away, by lying constantly in con- 

I lul with tile very hottest part of the fire, it is usually 

I plued in a stout perforated core of cast or wrought iron, 

I called the tewel or lew-iron. Thiii is either simply a 

[ poforated clod of metal, lying between (he nose of the 

fcdlows-pipe and the lire ,■ or it is a more ingenious con- 

I Iritance, denominated a wraler tew-iron, tlie construction 

cf which wiU be readily comprehended by referring to 

I fy. 37. A ia the wide and outer end of the tew-iion, as 





)( appears when inserted through the wall of die furnace. 
It consists of two cones of iron, one within the otlier, 
wdded together at the point, and at the end exposed to 
ftew in the cut, and by this forming a chamber or space 
between them. Communicntiiig witli this cavity are two 
iroil pipes, screwed into holes bored through the front 



IPO IBOK AKD ST 

of ihe tew.inin ; the lower pipe B is placed hnrixon- 
lally, and comraunicules with the water tub C, Through 
this pipe the water flows into the chaiuber of the lew- 
iron, and prevents it from burning away so rapidly u 
otberwise it would by exposure to the fire. In order 
to provide for the emiBiiion of vapour, and s portion of 
the water which is kept in such a high state of ebullition, 
there h the other pipe D, which being inserted tlirough 
the upper part of the tew-iron, and bent so that in 
superior orifice falla over tlie tub, a perpetual issue of 
hot water and steam takes place during the operatiou of 
the bellons, while a constant supply of cooler water ii 
forced in, by the weight of that wliich is in the tub 
forcing it tlirough the horizontal pipe B. In some 
smithies the bellows are placed up aloft, to be out of the 
way ; in wliich case they are worked by means of a rope 
attached to the lever, and the blast is communicaled 
through a descending pipe, as indicated by E. 

The practice of affixing plates or pieces of metal 
to the feet of horses, in which the blackaniith'i 
nesB chiefly consists, is generally allowed to be of gii 
antiquity ; though at what period it was flrst Introdat 
appears by no means certain. Ancient classic ' 
frequently mention the defences of horses' feet, in 
similar to those used when Ihey speak of shoes 
neral ; they likewise mention them as being of 
We are told by Suetonius that Nero, when he look At 
journeys, was always drawn by mulea which had tQi 
shoes : and those of his wife Poppffia, according to 
had shoes of gold. There is nothing, however, dec 
from the Roman writers, which can fairly authorise 
belief, that in the former case any thing more Is me 
than mere chirurgical bandages, or socks of some ki 
nor in the latter, that the shoes of precious metal v 
any thing else than thin slips, attached over the hiwf 
way of ornament, and removeable at pleasure: at 
(events, there is no ground to suppose that they wi 
connected with soles permanently fastened with 
the corneous substance of the foot, according to 
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d pf modern times. The figures on ancient monu- 
nu Afibrd still feebler evidence of the very early 
"n which Bome nulhors have claimeii for the art of 
g metal «hoeE upon the feet of horses. 
BjUoc>rding to Beckmann, the Greek word o-iXima, 
he is convinced, sigtulies horse-slioe^ euch u are 
t present, occurs for the first time in the ninth 
blmj, in the works of the emperor Leo ; and this 
pqailjr of horse-shoes, he sihls, is in some measure 
drtned by their being menltoned in the works of I ta- 
li £nglisb, and French writers of the same century. 
I word occurSj in the tenth century, in the 7\iftitii 
leemperor Gonstantine, where he says, that a certain 
T of poundK of iron should be given out from the 
es to make leienaia, and other horse fiirni- 
. Eustathius, who wrote in the twelfth century, uses 
D in the same icnse an that in which it it 
interpreteil. " When one considers," says Beck- 
*' that the o-fXnaia, or ^sKTfmia, belonged to horso 
niture ; that tliey were made uf iron ; that, as Eus- 
^ua nys, ihcy were placed under the hoofs of the 
; that the word seems to shew its derivation from 
■on-like form of shoes, such as those used at pre- 
i and lastly, that nails were necessary to these kIb- 
: I think we may venture to conclude, without any 
V rf erring, that this word was employetl to signify 
e-shoes of tlie same kind as ours ; and that they 
> known, if not earlier, at least in the ninth cen- 



:, that when the marquis of 
my, one of the richest princes of his time, went to 
it fieatrlK his bride, mother of the well-known Mt- 
about the year 1038, his whole train were so 
^ificently decorated, that his horses were shod not 
tl iron, but with silver. T]ie nails even were of the 
e netal; uid when any of them dropped out, they 
Higed to those who found them. The marquis ap- 
1 to hsve imitated Nero: but this account, which is in 
I) msy be only a fiction. 1 1 is well known, however. 
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that ATI ambassador from thla country to the roun 
France indulged in a similar foU;, to exhibit his q 
leuce and generosity ; having had his horse shod withaS 
shoes so slightly attached, that, by purposely curvett 
the animal, they were shaken off, and allowed to 
pickpd up by the populace ! 

The fallowing passage on this subject h liltewbe h 
Beckmum: "Daniel the histoiian aeenis to give us 
understand that, in the ninlh century, horses wi 
shod always, hut only in the time of froat, and oi 
particular occasions. The practice of shoeing appear 
have been introduced into England by William tbeCc 
queror. We are infonued that this sovereign gave I 
city of Northampton, as a fief, to a certain person, 
consideration of his paying a slated sum yearly for | 
shoeing of horses ; and it is beUeved that Henry 
Ferrers, who came over with William, and whose i 
acenUants slill bear in their arms six hor 
received that surname because he was entrusted with I 
inspection of the farriers;" — Jerriire (from Jem 
iron) signifying, in French, a hag of instrumente ui 
in the shoeing of horses. That die practice of ahots 
horses in this country may have become more coma 
after the conquest may easily be conceived j and it iia 
tain that a number of smitlis came over with the N« 
man army ; but that the thing was not new at t 
is clear, from tile historical fact, that Welbeck, in Kl 
tinghamfihire, the very estate on which, at thil if 
stand the capacious stables formerly belonging to I 
famous writer on horsemanship, the duke of Newclst 
was, before the conquest, the property of an olc 
tenant in capile, named Gamelbere, who, according 
Dugdale, held of the king two carucaten of land, by t 
service of shoeing the king's palfrey on all four feet, ^ 
the king's nails, as oft as the Mug should lie at 
manor of Mansfield ; and if he shcmld lame the palfrt 
llien he sliould give the king another palfrey of f 
marks price. 

uailyectg treated upon in the mull 
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:( works published during the revivsl of literature 

bl ibe fifteenth and sixteenth ceaturio,the art of shoeing 

1 waa not tieglecledj especial])' by Italian, French, 

■erman writers. And subsequently, in this country, 

ilgect liua been taken up,eitlier as a separate branch, 

a part of the general science of farrlcrj, by a mul- 

! of writers, pio^, bad, uid indifferent ; tlie mere 

gue of whose namei would fumiHh no gratification, 

idvhow works it would be out of pbce to particularise 

. William Osmer, a surgeon ; the earl of Pera~ 

) wrote an excellent treatise on practical horae- 

■; Clarke, fonnerly tbe king's farrier for Scotland, 

a useful manner tlie same subject ; and, 

Tian, of the Veterinary College, Who-haa 

f important innovations upon former methods of 

ly be mentioned as names most familiar tritli 

g smiths who sujwradd the smallest acquaint- 

« inth the anatomical formation of the horse's foot, 

d ibe fittest method of protecting it scientifically, to 

lere duly of nailing upon the hoof of a raluable 

a clot of iron to defend it from injury, with as little 

lodgment as they sometimes nail a Bimilar one behind 

iuxr dwelling-house door, " to keep tlie witch out!" 

An the foot of (he horse in a state of nature must 

' ilways have been pretty nearly of an uniform shape; aa 

I die form of its shoe, since its first application, may be 

e deviated but little in its general outline 

&Otn that in use at this day, although in its absolute 

hahion many alterations and improvements have taken 

I place. 

In onler to enable the reader more clearly to under- 
■laatl those differences between former and latter prac- 
tice in the art of shoeing afterwards noticed, it may be 
convenient briefly to enumerate the parts of which the 
bone'i foot is cKtemaUy composed. The whole of the 
hoof conaists of homy fibres, without the smallest degree 
of aensalian. The crust or wall surrounds the anterior 
and lateral parts of the foot ; to lliis crust the shoe is 
bitened, as it is the oiily part that can recdve nula 



without niLichief. It is smooth and convex on the outsit 
but UmiDateil and concave within, for the purpoH 
being united with corresponding laminc covering t 
lowest bone of the foot, called the coffin-bone : ^ 
union of the crust with the coffin-bone sustains t 
whole weight of the animal. United with the loner pi 
of the crust, and covering the inferior surface of i 
coffin-bone, is the horn; sole, concave on the outsic 
and within adhering to and protecting a sensible ' 
iubatancc called the feeling sole. In the centre ot I 
sole is placed the frusk or frog, an insensihle body, I 
teruttlly convex, of a wedge-like form, pointed toward 
the toe, but expanding where it approaches the bed 
Two homy bars or binders are placed between the fn 
md the sole, and at the heels form a broad solid junctie 
with the crust. 

According to Mr, Coleman, tlte toe of the aeiuifai 
and homy frogs, fiom their connection with the ci ~ 
hone, are fixed points, and have no motion j bul 
heels of the frogs being placed posterior to the ci 
bone, and in contact with moveable elastic Bubstances, 
very considerable lever is formed; and whenever ti 
iioof comes in contact with the ground, the frog fit 
ascends and then descends. The ascent of the fiog a 
pands the cartil^es, preserves the heels from coutracdM 
and affords to the horse an elastic spring, while i 
wedge-hke form prevents the animal from slipping whel 
ever it embraces the ground. 

According to long eslablishc'd opinion, the irog hi 
generally been regarded merely as a cushion to the 8upa 
incumbent parts, or to guard the flexor muscle of d 
foot : under this universal impression a thick or hi^ 
heeled shoe was regarded as indispensable, in order t 
protect the tendon from injury. It is, however, " 
principal object of Mr. Coleman, in an elaborate ti 
to prove, from the shape and situation of the frog, tl 
it was formed to come in contact with the groaad, ai 
consequently, that a system of shoeing very d ~ 
from that commonly practised ought to be adopted. 
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Initead, therefore, of culling away die bsTB endrely, 
puing down (be frog, and applying a convex shoe, 
dueker at the heel thiin (he toe, and extending almost 
nninil the cniet, according to the old syatem, Mr. Cole* 
vtan reverses the practice almoEt entirely : lie leaves the 
bar* to their natural duty of expanding the heeU; tdlows 
(he frog to coine into direct and continual contact with 
the ground; applies a shoe nearly fiat, exceedingly light 
snd Email, and two thirds tliicker at the toe thui at the 
heels, 'fhe reason for reducing the size of the shoe so 
materially from a large to a Bmall portion of a circle is, 
ihat its extremities may not rest upon the seat of the 
corns to which horses are liable, and the situation of 
which is between the bars and the crusL As to tlie 
qiuuitily of metal which should be used, Mr, Coleman 
proposes that the siioe and nails of a common sized 
coach horse should weigh about mghleen otmces; ihe 
web being one inch wide at the toe; three fourths of an 
inch at the heel; three Bixtha of an inch thick on the 
outGide of the toe, and one inch on the inside; the hetla 
onethirdlhethicknesaof thetoe: andthe shoe end nails of 
a saddle horse about twelve ounces ; width at the toe six 
eigjitJis of an inch ; one fourtli less at the heels ; three 
eighths of an inch thick on the outside at the toe; inside 
of the toe and heel one eightb. The shoe should remain 
on the hoof about twenty-eight days. 

The use of eight nails in fastening tlie shoe to the 
crUHt of the hoof is of long standing among farriers, nor 
does Mr. Coleman recommend more or fewer ; but only 
that, instead of being distributed four on each aide, and, 
coDBequently, some of them very backward, he advises 
ifaat the; should be carried all round the toe, and be kept 
ts far from the heels as may be compatible with security 
to the shoe, especially in the inside quarter. A manifcEt 
imprDvement has taken place in the form of the nails, 
And the corresponding perforations in the web of the 
thoe. Formerly they were all, as in too many places they 
are still generally made, with square heads, as repreaeDted 

a 
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ID Jig. 3fi., the shoeB being fullered or grooveU 
outer edge to receive the 1iea<Ts, and protect ihem 
much as possible from being knocked or worn away. 
A better practice, however, has introduced the nail with 
■ wedge-sbaped bead,/;. SQ.; and inilead of the fuller- 
Fig. 38. 
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ing, the holes are correspondingly fashioned nith A sted 
punch ; so that when the nail heads are driven up undl 
level with the surface of the shoe, the whole presents the 
appearance of one solid piece. In most shoeing ^uf^ea, 
the practice of countersinking the holes, to recdvft Ae 
nail heads, obtains to a greater or leas extent, even wfaeo 
the shoes are channelled along tlie inargin ; a cos 
which the country smiths do not appear disposed to laf 

Many of the country blacksmiths make their own ni 
but this is neither an economical nor a desirable thin^f 
where many are used, as the nailora in general fumidl 
them both better and cheaper than the smiths can malca 
them. The borse-shoe nails approved and used at tb« 
Royal Veterinary College, and which arc certainly much 
superior to those in common uee, are thus noticed bj 
Mr. Cotenoan, in hia " Observations on the Foot of llw 
Hotse, and the Principles and Practice of Shoeing:" — > 
"Tbiskiiidof nail is the invention of Mr. Spencer, aTery 
ingemous horse-natl maker; and although the quality of 
■the iron, and the form of the nail, render this artidc 
infinitely superior, not only in shape but durability, yet 
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Ae price IB not more thaQsevenpeneep«rlhouEanil more 
&D the Minmon nails. And, froin the experience I 
bin had of their utility, I am perBusded that the Ehoes 
m BOl only more securely attached to the hoof, hut tliat 
litiiaith will find it very economical to use them uni- 
nwUj in hU practice. But if the increase of expense 
mf (Q object of consideration, it is of much more con- 
Kqneoce not to lose a shoe, and particularly in bunting. 
Ibhead of the common nail is not conical, hut nearly 
iqwe ; and no part is received into the nail-hale. When 
Ilie luil is driven into the shoe up to the head, the far- 
icrgeaerally continues to hammer nilh great violence; 
ml u the nail-hole cannot admit the head, the texture 
M c^the nail contiguoue to the head is shivered, and tn a 
I^B far days is broken : whereas the head of Mr. Spencer's 
I^H Ini operates as a wedge ; the more it is hammered, the 
^r note firmly it is connected with the nail-hole, so as td 
M kcome part of the shoe." 

I In slioeing horses, three particulars should he espe- 

' cudly attended to, — the niaietial of the shoe, its form 
or adaptation, and the mode of fastening it to the foot. 
The first item tn the old formula, "Take the best Spanisli 
iroa," is too little attended to by many of our smiths, 
wbo content themselves and their customers by using 
. (ommon Englisli iron, which is sadly too soft and perish- 
'~s for the purpose. In the better sort of forges, how- 
r, the best British iron is generally used • the rods for 
t purpose being from three quarters of an inch to 
\fi inch and a quarter broad, and half au inch thick : 
men are employed at the anvil, a maker and a striker, 
, together, will turn two or three dozen of ordinary 
. a day. These are either light flat disks, as 
5 for saddle horses, &c., or of much greater 
Rtiength, with welts or knobs on the t«es, and bent down 
a much as an inch at the heels when for heavy draught 
" 1 order thai the feet may the belter impinge 
\a the animal is drawing a vehicle. 
F shoes weigh about twelve ounces ; 
le latter are as much as five, six, and in 




I seven pounds' weight. And yet this 
w^gfat of metal is so rapidly abraded or worn away as 
to require the being replaced by a new shoe generallj 
about once a tnontli ; and in sonte cases, a horse, whose 
foot has an awkward twisting or grinding motion on 
ground, will wear out a shoe in three or four days ; in- 
deed, the diversities of manner in which different horsea, 
and the same horsei with different feet, act in their con^ 
tact with the road, are considerable, and require to be 
especially atlendeil to by the farrier. Some horses' feet, 
from their stabbing walk, have a tendency to drive the 
shoe backward, and thus to loosen it by drawing the 
nails : to provide against this, it is usual to make what il 
called a clip on the toe, which is tile iron turned up a 
little to allow the hoof to abut against it. For the use of 
some horses, which have a sort of screwing motion with 
their feet, these clips are likewise raised on each side; 
by this means the wrest upon tlie nails is much dimi-' 
nished, and the shoe rendered more firm and uaefoL 
Eight nail-hoies are then pierced near the outer margin 
of the web of (he shoe, and a channel cut, in which the 
heads of the nails are buried, more or less, according to 
its depth or the formation of the holes. 

Besides the common shoes, there are a variety of 
^pes, made to be used when the hoof is irregular 
for particular occasions : the principal of these are 
drcular shoe, to evtend all round the foot, when it is 
necessary to defend the heels: the bar shoe, which is 
used when the bars of the hoof have been too mud| 
pared away, or when it cannot bear much lateral atr 
When a horse's hoof is imperfect on one side, a caUda 
or welt on the shoe is added ; and in some cases, whea 
the tread is very uneven, a bit of steel is welded upon 
the shoe where it wears out fastest. On turning horses 
out to grass, it is common to remove their heavy shoes, 
and furnish them with light ones, or tips as they are 
called, extending only a little beyond the toe on t 
aide. These tips are made in various shapes, according 
to the judgment, the fancy, or the prejudice of the farrier. 
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er the owner of the horse : generally, they have a tongue 
af some kind, U> protect the trog of the foot; and gome 
bare even been made witli a joint or hinge at tiie toe, to 
llkiw of any exptmdon or growth of the hoof wliich it 
m^t be anticipated would take place. Hunters are 
wmetimea shod with cast-iron shoes, about lialf an inch 
Hxk on the outer edge, but lightened by mcana of a deep 
ewicavity rwnning in the direction of the curve of the 
Ehnee, and terminating with a ihin beaded margin within: 
tlie Direct ia, that the horses' feet may not slip, but take 
film hold of yielding ground. However simple this 
branch of the blacksmitli'a business may appear, it has 
not been found possible to supersede the ordinary use of 
the hammer by any useful machinery ; though ihia has 
been tried. Many years ago, a veterinary surgeon of the 
It of Mtwrcroft obtained a patent for facilitating the 
;ture of horseshoes by tile apphcatiou of rollers. 
project was to cut in the periphery of the roUers, 
^ it the size of the iron proper for a shoe, and 

ia diese grooTca to leave a prominent Une and projecting 
poinui, which should impress the metal with the channel 
nul nail-head cavities nsuatly comraunicated by the 
The bars of iron so rolled were then to be 
cut into proper lengths, and turned into shape on the 
beak of the anvil as usual. The same projector likewise 
iiiduded in his scheme the practicability of forming 
horseshoes by stamping them into shape at once by 
means of dies appropriately cut for the purpose. The 
diet for this purpose were to be " formed in such a 
manner as to correspond with ttiose parts of a horse's 
foot to which shoes are usually affixed;" when, therefore, 
Ibediversity of formation to which the hoof is liable, and 
the eipense of cutting dies, are considered, it can be no 
wonder that so impracticable a scheme should have been 
almost forgotten. 

It may likewise be mentioned, that various contri- 
vances for fitting to tlie feet of horses shoes made of felt> 
between the hoof and the metal, have at different times 
been had recourse to. In 1S16, a geutleman of the name 
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of Racdi procureil a p&tent for wbftC lie deBignated) 
" flexible elastic horse-shoe." Tliia fiexible «hue is ■ 
formed, [hat vhen it ie applieil to the foot of the han4 
it accommoilatee itself to the molion occasioneU by th 
n&turol da«ticity of the diflerent parts of die foot, iherelq 
allowing the natural eiLpanuan of the heel, aiul at iJ 
snme time protecting tlie hoof from injury oa the roa 
The flexible horse- shoe consists of two or more pieces d 
iron, steel, or other mctiJ, attacbei) either by the i 
which faEten the shoes to the foot, or by ri 
for the purpose, fastened to leather, felt, Indian rubbeFj 
or other flexible subGta.Dce ; wliich Bubstancc, on apply- 
ing the shoe to ilie foot, is interposed between the h 
and the iron. The moat sini|>le method of maJdug tj 
flexible horse-shoe is by cutting a piece of stout tob 
leather to the size of tlie horse's foot, and which may h 
in ether respects fonned like a common horse-shoe, ibi 
web being somewhat wider than usual. Then forge U 
iron riioe in the ordinary way, and divide it into threl 
parts by cutting it across at tliosc parts of the quaitrai U 
where the points of the coffin-bone would extend; ant 
rivet the three pieces so made on the befonr-mentione ' 
piece of leather. The shoe thus made is applied wilt 
nails in the ordinary rosuner. 

Men, even learned men, are liable to strange ei 
while some are for loading the feet of bor 
pounds' weight of iron each, others have been for aban^ 
doning the use of shoes altop;ether. Of tills opinion waOj 
William Osmer, a surgeon, who wrote a book on iitTt 
riery, which has been of great use in practical honoa 
shoeing: it ahoutiils, howevi^r, in whimsicalities; u ■ 
apecimen of which may be taken the following puaam 
introductory to the chapter " proving that shoeing ii but 
a partial good:" — " When time was young, when tli^ 
earth was in a state of nature, and turnpike road* aa yet 
were not, the borse needed not the assistance of the 
artist; for the Divine Artist had taken care to give his 
feet such defence as it pleased him; and who ia wealf 
enongh to suppose this "Misdom was not sufficient ti 
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1) mch a iitBU ? " The arguments which fallow 

iiapecioua exordium have drawn tipoti their KUlhur the 

e of Taplin, a Bub«equent writer of note on far- 

K riRy.who observes, lliat Osmer, and those of hi< ojiinioo, 

"^l^ippear eitrai-agantly fond of an idea borrowed from 

nftlinty, upon che practjcahility of lioracs crarelling the 

•d, Md doing tlirir conscant work, without anj shoeing 

dl;" and to (he remark, that " horees are adeqaatc to 

b £%reiit services in it state of nature without the 

rftdtoits obtrusions of art," Mr. Taplin repliei, that 

*KCh economical plan may be admirably calculaicfl far 

tte dieoretical journey of some literary Gpeculatist," but 

Ihnadiat "no other excurBion can talteplaceof Miy du- 

dwi widiout material injury to the hoof, unless in the 

K of the high-bred horses of amhora, who enjoy their 

Jwmeyg only in imaginuiion." 

Befoie the invention of metal shoes, considerable atten- 

tton, aa may well be suppoeed, was paid to the strength' 

ming and hardening the hoofs of horses, especially of 

Quie employed in war; and various whimsical melliods 

I tf pmlucing tlicee effects are atiil extant in the works of 

H inha have treated on the ancient menage. Not- 

lutanding, however, that attention, sharpened as it 

It have been by the value of the animals upon whom 

H bestowed, there is but too good reason to beliere, 

B incidental passa 1 ti of early times, 

ladful havoc mu fr q ly have taken place 

, and slill m d 1 ul ff ings have been 

d by, those nobi 



n mUitary sc 

:o which p ei 



e preservation, 
taken in modern 
of shoeing espe- 



t the horses of the ancients were never shod in 

li (he opinion of Beckmatin ; nor does it appear that 

e evidence to the contrary has been adduced. 

n Mithridates was besieging Cyzicus, lie was obliged 

d his cavalry to Bithynia, because tile hoofs of the 

entirely spoiled and worn out. In the Latiii 

if Appian, where the sentiment occura, it 1; 
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added, that this was occasioned b; the horees not havii)| 
shoes ; but there sre no such words in the origin! 
which seems rolher to afTord a strong proof that ii 
annj' of Mithridatca there was nothing of the kind. ' 
case seems to have been the same in the army of Aid 
under ; for we are told by Diodorus Siculus, that ¥ ' 
uninterrupted marching the hoofs of the horses n 
tally broken and destroyed. An instance of a like kiaii 
is to be found in Cinnamus, where the cavalry wera m 
obliged to be left behind, ai ihey had suffered condder- | 
ably in the hoofs ; " an evil," says the historian, 
which horses are often liable." 

In the military service of this country, the right 
shoeing of the horses in mounted regiments is a matta^ J 
of considerable importance. In each troop of dj 
there is a farrier, who was formerly under a person called 
the farrier^major, appointed by the colonel. This offica 
has of late years been superseded by a veterinary a 
geon, under whose immediate control and superintendit 
ence troop farriera act in all that relates to the health 
and the management of the horses. All the horses' shoes 
are to be made according to the regimental pattern ; and 
when the farrier goes round, after riding out, or exerdae 
on horseback, it is his duty to carry with him hie h ~ 
tner, pincers, and some nails, to fasten any shoe t 
may be loose. In some corps it is a standing regimentli 
nile, that if the farrier in any manner lame a horse, 1 
must be at all the expense in curing it. In barrttc 
there is always a smithy, where the horses are shod, ai 
any other necessary jobs done ; but in a train of artiller J 
there is what is called a travelling forge, and which i) 
in fact, a sort of portable blacksmith's shop, 
fbrge all manner of smiths' work is executed, and it a 
be used upon a march as well as in camp. Form^ 
these forges were very ill contrived, having t" 
only, and requiring to be propped with wooden suppor 
when used for working in the park. Of late years tl 
have been made with four wheels, which is a great ii 
provement. 




V curiae Iransversdy over the axletree of the 
I uniting both together. Upon ihit pole, 
two bodies^ the anvil anil its stock, which 
nble, »re generally placed during the removal 
The fore.wheela eupport-s Blont oblong 
k hound with clumps of iron, and containing as well 
plit)' of coal as the smith's tools in general. The 
rl of tilted cart, the bellows occupying 
e, end being worked by a rockstsfi'from without: 
&d is the fireplace or hearlJi, congiEting of an upright 
cut-iron plate with cheeks, and an horizontal bottom, 
di^tly hollowed to retain the fire, and projecting to 
Mme distance from the vehicle behind. On either side 
of diis latter body, between the bellows and the wheds, 
ire attached boxes for the reception of iron and imple< 
menu. 

In ISI9, a patent was granted to a person of the name 
nf Cherry, a veterinary sui^eon of Croydon, for a port- 
able frame-forge: it consisted of a pretty large frame, 
readily di^ointed, which, with the anvil, stock, bellowi, 
ud other necessary implements of a blacksmith's ibop, 
could be packed up in a box of no great dimensions. It 
wu particuiarly recommended to the notice of ship- 
owners, as l>ejng more convenient than any of the forget 
before in use, A smith's forge of this or some other 
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eoliBtraction is, etpedally in long Toyages, almost a 
necessary article of naTid equipment: but those com- 
monly in use, being mostly in detached parts, are veiy 
liable to be mislaid or lost, whereby the forge may be 
rendered incomplete, and, perhaps, useless when most 
wanted, besides being much more heavy and bulky than 
Mr. Cherry's forge, which, when not set up for use, 
occupies but little more room than a seaman's chest, is 
perfectly complete within itself, and may either be set 
up and used <m deck, or landed for the purpose. Its 
adoption into vessels not usually supplied with a forge 
was recommended, as calculated to save expense, and 
prevent much of that delay which is often experienced 
both at home and in foreign harbours, by waiting tbe 
oenvenience of a native blacksmith at a distant forge*. 



AtftVtVlTY or CBAINE- 



F making chainsj not only of the predotis 
Is for ornamentai, but of iron for useful purposes, 
ly lay claim to considerable antiquity. They are nien- 
I frequently both in the Old and New Testament, 
ine uiBlances when used, as was often the caseiby 
ifomunent, and in others as inGtmmentg of con- 
ent or degradation. For the latter use they were 
ion among the Romans, who, when they went to 
I war, generally carried with them chains for (lie fastening 
I Bf ihdr prisoners, as well of high as of low degree. 
I Of this practice, and the degradirg circumstances some- 
I times accompanying it, history aifords many examples. 
I Tie chains used for purposes of ihia kind were ge- 
I flaally of iron, but sometimes they were of silver and 
I CTra of gold. Catense, or linked rings of the preciotu 
I inetals, or gold and silver vrire, looped in some manner 
a be flexible for the purpose of being worn as or- 
ita by official or digniSed perEonages,undoabtedIj 
I led to the manofactore of stranger chains of the inferior 
I mettla for useful and other purposes. Hence the an 
I of making the former description of chains, by exceed- 
ingly simple means, and with few tools, is practised in 
Ltries where the knowledge of welding iron is pro- 
y hardly known to the artificer. 

not this act of working the precious 
sD to the sboriginea of this island, does 



}T, both less neat and less strong than the links 
., which are made of coils of wire, drawn toge< 



in the middle, nnd tlien wrapped about with the 
Fig. 44. and Jig. 45. Bje cliains made of wire : 
ire both of considerable antiquity. 




b the manufacture of chnina for almost all the onti- 
j purposes to which they are now applied, the Uid» 
either pieces of wire simply bent into the desired 
|D, and the ends of the material brought into such 
itect with the shank or witli each other, that they 
intain their connection ; or they are Boldered toge- 
lllier; or, lastly, they are welded in tlie usual manner of 
uniting pieces of iron. This is llie common proce«s 
in nearly all the yarieties of iron chain at present in 
use, where any considerable degree of stress has to be 
endured. 

Instead of forging tlie material for the link ont of a 
light bar of square iron, as waa the practice formerly, 
the general course is to use round iron, which is reduced 
exactly to the size required by being passed through 
grooved rollers. The workman takes a rod of this iron, 
heats it in his hearth to a cherry red, and then with- 
drawing it, he places it ujion a chieel, and measuring the 
length requisite to form a link, gives it a stroke wilh 
bis hammer, and bends it into the sbape of a U. Then 
taking hold of this half-formed link with his tongs, be 
inserts it again in the fire; and having brought both 



points to a. welding hent, he unitea theif hy bBmnMrini 
on the beak or pmnt of hia anvil, taking up, of catam 
B9 he proceeiiB, in every caae the link last formed, whiclij 
for the convenience of catching eaeily, lie hangs upoj 
the beak above mentioned, while he bests and bends l' 
iron for the next link ; and so in succession with eai 
oMil his cbaiti be of the length required. The d 
ity with which a clever workman perfon 
of linking common light chains can only be a 
aright by those who have either witnessed t' 
similar mannfacture. 

The moat common forra of the link in chaiiu fa 
ordinary purposes is that of an oval, the atress bdni 
of course, always in the direction of its longer axis ; tlu 
form, however, is varied according to circamsUncea, i 
as lightness or strengtb becomes indispensable. In I 
former c^e, as for traces, the links are generally maclc 
considerably oUong; whereas, in crane and similar cluiiu, 
the ovate foim is contracted in length as mnch as tl 
compatible with the free motion of the links in eael 
other. It must be obvious that in common chains, vliud 
are condnuaUy in use, the principal wear will be on ti 
inner suriace of the extremities, where the links are i 
contact, and with considerable motion when the chain U 
in use ; and hence it was no unco 
traces worn quite through at the ends, while the ddet 
were nearly as stout as when first made. To ramedj 
this evil a very simple alteration was niade; the linl^ 
instead of being of uniform eiibstance, as heretofore, wu 
made thicker at die extremity of the oval, and thus tbi 
durability of the chain was indefinitely increased. At^. 
however, tliis method added much to the labour and 
consequent expense of the article so made, when wrought 
by the hammer in the ordinary manner, Mr. Hawks, a 
metropolitan iron-master, who introduced this improve' 
ment, obtainei! a patent for manufacturing chains of thU 
description out of iron dtawn into the proper form by 
being passed through rollers, the grooves in which were 
deeper and ahallawer, at distances answering lo the- cii>* 
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:e of a link ; ao that ihe maker had merely, as 

e of round rodii, to cut off and weld tile Unks 

lal manner. These knotttd chains, ai they are 

)iiow made hy all the cliain-makerB. 

le heavieat traces, and tliey are generally of ihe make 

! those used with die London dray- 

■t by the Suffolk and Norfolk firm- 

L Air plough traces ; and a still hghter kind, calleil the 

inbiirgh traces, are used by the Scotch, The Vork- 

e mostly of Bmaller hnks of the ordinary 

1, made out of common round iron. Carl traces are 

lily about len feet in lengtlij and weigh, according 

le strength, from ten pounds to eighteen pounds per 

HalCei-chains, those used with bridles, and others 

h horses used in husbandry, have generally 

I links twisted, for which no parlicular reason, beside 

k fancy of the parties, seems to be aaaignaliie. The 

ck^hand," as tlie carters designate the chain nhich, 

:r the saddle of the horse, supports the shafts 

It the vehicle, and partiaJty the load, is always twisted, 

Wid made flat and square : it is composed of a double 

series of links, the whole being, when united, heated in 

the Are ; and after being twisted through the entire 

length, it is hammered into the square form an the 

nnviL 

Ropes have given way to chains lees generally in the 
working of pits, than where bolh are used for most 
other purposes. The reason is, that the chain is su|i- 
posed to break without giving warning, whereas the wear 
and faults of the rope are generally noticed in time to 
foreBtaU the danger. Figt. 46, 47, 48. are chains used 
Fig. 46. 



1 



rmnmu 



Bed J 




in collieries : the last of these is «, Borl of metal to] 
iiiEKLideU to answer tlii; purpoees of a hempen rope in 1 
working of niineB; also for wells and cranes. It was ft 
■ inadeinl790,byMr.W,Haiicock, of Bingham, near N< 
lingham, and a premium of fifty guineas waa presented 
him for his invention. It is made of wire three dghl 
of an inch tliick, twisted into coils. /'Vy. 46. on thesma 
est scale represents the chain found in the inside of 
common wateh. Fig. 49. is a bar of a chain, dmiUr 
Fig. 49 



principle to that in jig. 46. ,' it was, in 1 805, the p 
riaiht of William Hawka, a Durham iron manufaccurq 
whose invention consisted in making chains by cutdi 
the links out of a flat bar hy means of a fly press a. 
proper dies, and then fitdng into the holes bushes i 
thimbles to give them the greater strength. A few ye« 
■f^wardi another patent was granted lo a Staffitrdsbii 
iron-maater, of the name of Smith, for producing linl 
of a similar form by means of rollers. 

Latterly, the use of ropes has been largely si _ 
bjr the adaptation of chains, not merely for c 
hauling purpose*, &c., but especially for cables; larg 
manufactories for chains of this description having b> 
estabhshed in London, Liverpool, Hull, Bristol, a 
other ports. The use of the best material for this pu» 
pose had become eo important to the shipping ir 
that when, in 1825, Mr. HusHsson proposed in psriii 
ment, a reduction in tlie import duty on foreign i 
he laid especial stress on its indispensability in the 
nufaeCure of iron cables, which had of late come 
very general use in our ahipa. The honourable g 
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I observed, that " s mixture of Swedish iron was 
taooeidered of grest advanisge ; aiid ihose cables in 
prbich it was used were considered the b«st. Here, then 
_ I the speaJier), a nimt iiniinrlant benefit to our 

I naral iiilerests might be countenioted or prevented by 
eaotiiiuiug the present high duties ; the reducrion of the 
dtlty on this article was on every account desirable." 

In the substitution of iron for hemp in the manufac- 

Vue of cables, the two great desiderata, durability and 

security, are largely secured in the use of the former 

material ; the next object has been to unite with these, 

uy in the expense and lightness in the article. 

Hating stress, which a large ship riding at aiiehor 

1 weadier exerts upon the cable, can hardly be 

idved by those who have never witnessed its effects. 

, therefore, to the necessity for the iron and the 

torknunship being such as should not give way, it 

a indiapenaable that the links ehould not draw to- 

r (I the sides from great longitudinal stress. To 

« this end, it has become common, in making the 

it cables, to place within each link a stout bar to 

t Literal compression, in tlie manner represented 

annexed sketch {fig. 50.) of a portion of the chain 

e Messrs. Acraman, of Bristol. 

Fv!- 50. 



IS been contended by some persons, that any ad- 
supposed to be derived from slays or bars 
in the direction of the shorter axis of the link 
re than conn terbala need by concomitant incon- 
es- In the first place, tlie ponderous chains used 
s are rendered so much heavier by this addition 
)], as to amount to a serious drawback on (heir 
iwledged excellence in other respects: secondly, 
™ are made, as has beeu die case, with 
id ends, inserted by means of holes or mortices uiUi 
n of the link, they are said to be liable during 
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BR extraordinary etraiu to he driven through or into the 
tides, and ibus to split the iron : uid, thirdly, tfait thew 
bars distending the sides of an elliptical Unk, 
prevent it from coUaiising at all under 
the chain is, on this account, rendetctl rather leas 
more effective as to its ultimate degree of security. 
In 1820, a cause of infringement of patent ar 
out of improvements on the above contrivance 
tried at the King's Bench, via. Brunton oerntr Bawks 
and Co. The case alleged that the defendants nen 
manufacturing cabk chains on the principle of those for 
which the plaintiff iiad, in 1813, obtained a patent ; an 
injunction of restraint was therefore prayed for- The 
BoUd tor-general, for the defendants, contended that hia 
clients had not copied their Unk from that described in 
the plaintiff's drawing, but had merely used an oval link 
with a stay in it, and which had not only been before 
patented to captun Brown, but was, as he should prove, 
a very old invention, and therefore the plaintiff could 
not have any exclusive right in it. A number of wit- 
nesses were examined, to prove that links with bars 
across had been made before either tlie plaintiff or cap- 
tain Brown took out patents for them; and 
nailors deposed that, so long as thirty or forty years ago^ 
they had worked up old links with bars similar to those 
before them in court. There did not appear, however, any 
good evidence to prove that any stay bad been manufac- 
tured before Brunton's on the same principle, namdy, 
instead of being smallest at the ends and thick in the 
middie, was spread out at the ends so as to overlap tti» 
sides of the Unk; an arrangement, in the opinion of Ml. 
Bramah, entirely new, and far superior to any stay thai 
had been previously introduced. Dr. Ohnlhus Gr^pry, 
of the Royal Miiitary Academy, Woolwich, was a mate- 
rial witness on this trial, and th^ substance of his testi- 
mony is interesting on the point at issue. He stated 
that one peculiar merit of the plaintiff's chain cable waa, 
that there was a stay placed across each link, to keep th^ 
ddes of the link from coUapaing; that this stay wm 



faraail at each ettA, to support a considprable portion of 
Ihe aides of the link; and that the atay was made lo lap 
nearly half arouiul that portion of the link, so tliat 
it was kept from falling out by its own form, without 
Hit: ddeg of the link being at all weakened by any in- 
(Unudon into its substance, as was the case with stays 
fonnerly put into (he links of chains ; another peculiar 
neiitof the plaintiff's Improvement on chun cables was, 
lliU he mode those parts of the link that were between 
llie stay and the next ailjoining link, in a strait line, as 
near as may be, and the whole link and stay being in 
the same plane, that is, without having any twist at 
captain Brown's links had ; by which arrangement, 
erery part of the hnk was subjected Ut an equal stmin, 
and vas the strongest possible form into which iron 
could be pDt for the purposes of a chain cable. The 
witness staled that he hail made experimenta on two sorts 
of chains; one with the link as described in the plaintiff's 
specificatiDn, and the other chain with the common 
dliptic links without a slay : that he formed one chain 
of two, by uniting their ends, and subjected them to a 
great strain, which changed the form of each elliptic link, 
so as to weaken ihem essentially; and at length broke 
that chain without in the least degree injuring the plain- 
tiff's links. The witness afterwards tried, in the same 
manner, a piece of. chain with ellipdcal links, having a 
stay in each link, which bore a much greater strain than 
the other, but finally broke, without the patent chain 
suffering any injury whatever. 

Captain Brown's hnk is twisted, so as to admit of a 
n degree of extension in case of very violent stress : 
1 the opinion of Mr. Brunei, civil engineer, the 
I of a cable chain is more than equivalent to any 
Itity which can be given lo a link by twisting, in 
ting the sudden jerks which are generally occasioned 
Lb imigb sea ; elasticity caimoi lie given without 
* tnitig the iron, as every change of figure of the iron 
loed by a strain tends to itijure the fibre of the iron 
B raptore it. 
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It was with die inventions of captain Brown 
Mr. Brunton, uid ihe evidence anil result of the trial 
just meniioned, before them, that in October, 1820, 
William and Daniel Acranian, two Bristol iran-maaterB, 
obuined thrir patent for " certain improreroeDts in tlM 
processes of forming the materials for and manafaelur- 
ing chains snd chain cablea." Besides ihe EendeaiG]' of 
the pointed sta^s to drive into the side of the link, 
stated by Dr. Gregory on the trial alluded to, anol 
witness on the other hand took occasion to state that ha 
had seen pornons of that part of Bninton's stay which 
clips or overlaps the Unk broken off. To obviate both these 
inconveniences, and at the same time to steer clear of the 
property of others, iheBristol patentees devised a link 
an entirely new construction. They farmed cylindrical h 
of iron, {seefy. 51.) with projections or swelli, so placed 

Fig. SI. 



t given distances, that when the bar w 
ed into a link, tlieae projections would fall 
Fig. SS. exactly opposite each other Ifig. 58.), 

^ ~,^^^^ and thus by their contact form ■ 

/^^*\ ^^ \^ mo.it effectual stay, perfectly in>- 
( f If \a moveable by pressure or strain, li 
S^^^^^^^r links of this description it is obvi- 
^^ vious there are no thin edges oi 

angles liable to be chipped off or worn away. In othei 
cases, as in the section of chain first represented, the pro- 
ir swells, being left somewhat lower, are both 
ir countersunk so as to form recesses for the 
reception of a stay, which is introduced, and closed 
by pressure, on the bar being turned into a link; i 
cylindrical part of the chain being preserved, and reta 
ing more strength and Hubsiance in this than in ■ 
other part of the chain. The extremities of each I 
are scarfed, so as to fold over each other a sufficirai 
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length. Mid by this means give to ihat part of the link 

which is shut or welded, additional etrength. 

Piom a circular jmblished a few years ago by llie ee- 
lebratfd aochorBmithe just named, and exhibiting some 
scores of testimotiieK in favour of iron cables, the follow- 
ing particulars are derived ; — In comparing these cables 
with the hempen ones, the first and strongest plea of 
advantage is their durability, which equals that of the 
ship itself; whereas our VFeat India traders generally 
require a renewal of the latter after a second voyage. 
Another economical object is presented by the room, 
which is □rdinarily taken up by the Tope,being open for 
a greater stowago of cargo [ as the chain mj^ be so 
placed, divided, or extended, as to occupy no otherwise 
useful space, and may be left on deck without injury by 
exposure, if necessary. At quays, parts may be applied 
for mooring ; or the cable may lie in the bold, to assist 
to ballast the vessel when unladen. The facility of 
working iron cables has been experienced, as fewer hands 
are employed ; and it has been ascertained, that with 
tliera vessels can get under weigh by a saving of at least 
one third of the time otherwise required. A more posi- 
tive proof of their superiority may be adduced from the 
assurances of captains, who confess they have no use for 
their hemp cable, and which may be laid aside by 
liaving a second bower iron cable; as the ships in the 
ports of Bristol, London, and Liver^iool, bear evidence. 
On rocky ground the anchorage is effected without in- 
jury to the chain, where hempen cables must he cut to 
pieces, and endanger the vessel. A most important 
■dvant^e results from ibe curve, which the chain 
yjes retain to > very great degree, as it strengthens the 
bid of tbe anchor by drawing it into the ground ; the 
■oyancy and the contraction of the rope, on the con- 
rr, bearing a direct line from the ship, lends [o loosen 
1 unfix it; and as nearly one half of the cbun lies 
" e ground, when any scope is out, it yields to the 
g motion of the vessel, and this to a d^ree equal 
p any elasticity which can safely exist in hemp cables. 
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It taaj, however, be observed, that no elasCidty Budl 41 
u here spoken uf can be acquired nilhout the lost o{ 
Streoglh to the mBterial, as the fibres or particleB in iroi 
or hemp must be esteuileJ, anil coniequently weakened 
or broken, to produce ' 

Into this chain cable a certain number of ewivels aT# 
introtluced, at proportionate lengths, to facilitate thai 
working of it ; and a shackle is placed in each distanca 
of ten or twelve fathoms, the bolt of which is fastenet) 
hj a pin of compoaiuon metal to prevent the corroaion a 
rust : by this contrivance the chain is gbortened or aqia> 
rated according to circumstances. A large iJiackle ii 
also fixed at one enil to be joined to the anchor ; aa4 
when required, a mooring ring is attached to the end ol 
forty fathoms to moor with two anchors in harbour. Tb« 
necessity of han<Uing the chain is partly BUpeiBeded bjr 
the use of small hand-hooks ; and to prevent the cbuik 
from wearing the wood-work of the veesd, the hawae< 
hole is cased with a wrought or cast iron pipe, and fitted 
outside with three circular rollers working in a frame.It 
has, in the estimation of sailors, a good appearance. 

In ISS'i, Mr. Sowerby, of Bishopwearmouth, ob- 
tained a patent for a cable chain, with a hnk having k 
very broad stay or block of cast iron, througli which, 
and the sides of the link, a cross bar of malleable iron 
was passed and welded. And for the purpose of pre^ 
venting the links frotn entangling, there are small pro* 
jeciing parts or protuberances on the inner quarters o_ _ 
site to each other. Fig. 53. represents the form of Uf« 
Sowerby's chain. 

Fig. 53. 




livoTpool. The links are first formed in the muinei 
indicated by fig.55., being also welded at ihe place when 
J^B. 55. 



die ddes ore in contact. The link ii then bent, and 
) circular ends brought against each oilier ; so 
ihat when the links are roveil together, and a croi>B bkr 
mserled, ihe chain appears as in the figure. 

The foUowing tabic, publi^licd by a manufacturer in 
: noith dS England, shows the proportion of chain 
D substituted for ropes, with the proof strain of each 
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CHAP. xir. 

NAILS, SPARABLES. SOBEnU 



The uae and anliquity of nails are equally indiBputabl 
il WDuM, iherefore, be almost as impoasiUe to say whf 
they were not known, as to specify the precise en 
tfaeir earliest manufBCture among any people acqaunt 
with the methods of working iron. Jn this couDtry, ' 
nail-makers, in general, inhabit certain districtB, a 
tered, perhaps, over a coneiderable space, and worl 
one, two, or three persons anil sometimes whole finii 
of both sexes, in their little smithies, fitted up with b 
lows, hearth, a small anvil, and a few other i' 
formed tools. The appearance of these workshops, U 
their inmates, in the neighbourhood of WaWl and W 
verhampton, half a century ago, and which is but litl 
changed at present, is. strikingly described by Hutto 
the quaint historian of Birmingham. " The art of n 
making," says he, " is the most ancient among us. 
may safely charge its antiquity with four figures, 
cannot consider it a trade in, so much as of Birmingliai 
for we have but few nail-makers left in the town; 
nailors are chiefly masters, and rather opulent, 
manufacturers are so scattered round the country, tt 
we cannot travel far in any direction out of the sound 
the nail-hammer- But Birmingham, like a poi 
magnet, draws the produce of the anvil to herself. ' 
I tint approached Birmingham from Walsall, in ' 
1 was surprised at the [irodigious number of blacltsmltll 
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Bi^ upon the road; and could not conceire how • 
nuntry, though populous, coulil support so many people 
if the same orcupBlion. In aome of these shops I oh. 
terceA one or more females, stripped of their upper gur- 
■nenC, and not overcharged with their lower, wielding the 
hammer with all the graee of the sex. The beauties of 
ttidr face were rather ecUpred by the smut of the anvil; 
«t, in poetical phrone, the tincture of the forge had taken 
iifOBieEsion of those lips which might have been taken by 
||A«lds>. Struck with the novelty, I enquired, ' whether 
l&e ladies in this country shod horses?' but was an- 
a smile, ' They are nailors.' " 
le coals, Bhoproom, &c., two or three nail- 
mmnnly occupy hut one hearth, using the same 
I Hreuid the same bellows in turn. Slill farther Co ex- 
d this faciUty of co-operation, and to secure other 
r dedderaCa, especially in the manufacture of liorse-shoe 
lull in a charcoal Are, Mr. Spencer, of Belper, obtained 
I patent, in 1 824, for a circular forge, around which five 
W nx peTBOns may conveniently work at the same lime. 
Ffg- S6. is a perspective representation of Mr. SpenGer*! 




he mode of constructing ivhich, and its adfan- 

lust be apparent on the slightest inspection. AI- 

is much room is gaineil by this ingenious arrange. 

t cases can ever be necessary, it might 

« difficult, by placing Lindley's circular bellows in- 
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aide ihe lowermost pitrt of this forge, to leave the 
fircuit of the hearth entirely free to the workmen. 

The patentee, after deKCribing the construction of t& 
forge, remarks: — " There are many novel featureain A 
invention, which do not strike the render on the first p( 
Usal. Nothing is represented to his mind but h 
mortar, and iron, in the form of a foi^e; with w 
tubstancea forges have been erected siuce the ixflm 
Tubal: while to the operative man, who h; 
the quaJity of pure iron uniigured, this ii 
aents a must valuable acquisition. In no other forge (fi 
cepting a hollow (ire) can pure wood charcoal be Oi 
no uttier fot^e is constructed without a bade; no O 
forge has a grating to keep the lire clean, and premtn 
accumulation of clinker ; no other foi^e will admit J 
the same number of workmen being employed ■! s 
same time; no other forge can be erected at K " 
expense." 

The form of the hearth or forge, however, il 
condary importance to tlie quality of the material Wi 
therein. Good nails are inanufactured out of the b ,^^ 
foreign or native iron, which is prepared by beingroDw 
or dit into rode of the proper atrengcli, according to ^~ 
size of the nails which are to be drawn out of it. The 
are of various siies and shapes, from what are callet 
brads or spikes, which are sometimes made nearly a foot; 
in length for die shipwright's or builder's use, to iht 
smallest dngle nails of about a quarter of an inch, 
anvil upon which the nail is actually drawn out of the 
rod by hammering, is a small cube of steel, with a sot- 
face of but a few inches in extent, and is itself iDserted 
into a cast or wrought iron block, weighing from o 
two cwt. — the whole of this larger mass being- generallj 
Hurroimded with stones, and imbedded in smithy-alac^ 
so that oidy the small anvil is seen. The hammer dBM 
is larger or smaller, accoriling to the size of the nails U 
be formed ; its usual form is the frustrum of a eoDc^ 
the smaller end being the face, which, instead of fomi. 
ing a horizontal plane, as in ih* tase of an ordinary nrand 
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hammer, is incUned or sloped considerably towards the 
handle. The degree of this oblicjuity, llie weight of 
the h»tnnier-hwd, the aiie and shape of the handkj &c., 
' matters of nice consideration ; one nsllor being rarely 
e to work comfortably with another man's hammer : 
ice, aa they are somewhat given to tramping from 
place to place, each workman generally carries with 
a favourite hammer, which, like the fabled mallet 
of Thor, is both the symbol and the agent of the owner's 
power, ^^en the nail has been drawn out to the proper 
length and form upon ihe anvil, it is cut off the rod, by 
ittiliing it upon an upright chisel or hack-iron, and 
inslandy inserted into an instrument called a borf, in 
order that the head may be formed while the iron is yet 
red hot, for the shank is drawn out, the nail cut off, and 
the head flatted at a single heat. This bore is a piece 
of Gtrong iron, ten or twelve inches in length : near to 
each end there ia a knob or swell of steel, perforated to 
e of the shank or collar of the naU, and counter- 
ntiik, BO as to correspond with the head. It is by in- 
Herting the nul through one of these holes or boree, and 
Btrikiug it with the hammer upon the thick end, that the 
head is formed, whether l)eaten flat, or left with a 
quarter-formed rise in the centre. The bore, when out 
of the workman's hand, is placed beside the anvil, upon 
two brackelB, as represented tn Jig. 57- Although the 
Fig. 57. 
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method of working is pretty much the same with c 
individuals, the degree of perfection and neatn 
played in the formation of bo simple an article ai 
Tarieg ve*y cotiaiderahly in different hands. 



The nailorB siiiong ihemEelves are 
inrtinces of great ]>ersonal ileKierhy. 
becD recorcleil in the Mechanics' Maf;az 
James Lei|;hMn, a nsiltinith in die employ of ] 
T hoiiuw GiUies, ironmonger in Siiiliiig, lately unilerti 
for a trilling bet, to make 17.000 double dooring n 
12(X) to a thoueand of "Olbs., fc 
a itsk which musi, to all whu have any knowledge i 
this trade, seem scarcely credible. The workman finidM 
Ilia first week's issk by three o'clock on Saturday afta 
noon ; resunied his labour un Monday moiuing, m 
concluded hia eecond week's task villi even more m 
than he di<l (he lirst. Those whodo not utiderHt&ndtli 
nature of the work may form some idea of the uadei 
taking when they are informed, that ilic ahove quanlit 
ie alloweil to be aa much as three ordinary men canpe 
form without difficulty ; and that, allowing twentytfll 
strokes of the hammer (which is 21bs. weight) b> e(j 
nail, including the cutting of the rods into a time oat 
venient to be liandled, and re-uniting them when tg 
short, there were no less than 1,033,656 strokes n 
quired before the task could 1>c completed. In addilia 
to tliis, the workman had to give from one to three UU 
with his bellows for every nail he made, had u auj^il 
the fire with fuel, and had to move from the :~ 
10 where the iiuls were maile, and vine verad, upwui 
of 43,g36 times. The workman entered into hia Sttji 
first year on the day on which he commenced his t*d 
and had been upwards of forly-twu years a uailor j IB 
in 1600, when in Ireland, in his majesty's serricci bM 
one who was reckoned the best workman in thatcounlT 
by 770 nails, during twelve hours' work. 

If the quality of the material be of importance in ih 
making of nails for ordinary purposes, much more Is thi 
the cose in reference to those that are u»ed for the fasten 
ing of horse-shoes. The irun for this purpose ough^ 
either to be of a good foreign mark, or the best Bricidl 
that can be obtained. Many of the old nailora in ihv 
north of England speak with enthusiasm of the lupniW 



which Aey used to produce when working ilie 
tUunin C CN D, uid oext to llwt tli? rich CumberlanJ 
iron. As iron unelted wiih chsrcual undouhledly works 
die most kindly, so it is certainly ihc best when [he siune 
fc»cri|)tii>n of fuel can be used durinn the working of 
it: this method, however, on account of die expense and 
inconvenience attending it, is selitoin adopieil on a large 
Kale ; and, indeed, coal of a fair quality in general 
IVTeB well enongh for ordinary pur]>0Ees. Of late years 
the hoise-ahoe nail-makers have hit u]ion a simple con- 
triitance for keeping the iron longer at a deep red best, 
which the operation of forging it is materially faci- 
£ach workman has lixed up (generally aloft) 
* small distance from his smithy, a Etnall circular 
diameter, leathered so as to rise 
twelve to eighteen inches ; froui thte machine an 
ordinary pipe descends, at the bottom of which, making 
■ right angle, is affixed a stnall tube witli a quartet-inoh 
bore, the orifice of which just hes upon the edge of the 
anvil. When the iron, after having been heated 
■uffidently in the fire, is placed upon the anvil, the 
by means of a trediile sUKpended to a crank 
■bore, raises the bellows-board, which, upon the re- 
movil of his foot, sinks slowly down, according as il is 
wrighted i a soft blast being meanwhile blown up<m tile 
bot iron, it is made, by reason of the oxygen of the 
«ir-jet, 10 retain its generous heat for a much longer 
time than otherwise it would, the operation of forging 
being rendered by this means both more pleaaaiii and 
niceessful. 

In the manufacture of nails different kinds of ma- 
chinery have been introdueed to facilitate the process. 
In 1 790, two patents for what were called " new modes 
of manufacturing nails" were obtained by different indi- 
Tidnals. The processes were as nearly identical, as they 
were, in many reapeiris, alike practically inefficient. The 
former operation consisted in having tlie figures of nails 
t>f different sorts cut in the surfaces of rollers, exactly 
cureeponding to each other ; so ibat by passing a sheet 
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or rods of iron between these imprinted rollen, " w 
strings of nails," or ewn " wh«t may be called a 
of naile," may be quickly formed. Nails were also to b 
made on Ihis printiple, by having the imprcsaiona a 
in itiea, and the metal pressed into the cavity by any D 
chanieal power. The other patentee proposed 10 in 
out his metal into the form of a wedge, aod cat the at 
out of it with a bed and punch at a fly, and lifcewiae 
head them fay a etroke with a concave pnnch al 
He also includea in hia specification, the " method 
manufactunng Eome sorts of nails, by cutting them I 
of, or from, plates of equal thickness, and atterv 
painting them, either by a hammer or other presran 
In common, however, with the individual first a" 
to, this deponent proposes to " ma):e (livers sorts of nw 
by passing the iron, or other metal, between V 
having impreseions, according lo the different forms, ( 
into the surface of one or both of the roUs ; wherel^ 
aheet is procured, having, in some measure, the appe 
ance of naiU ;" and which nails were to be cut out « 
a punch. The principal, und. Indeed, the most aucet 
fill of these machine attempts, in the way of direct ii 
tation, have been to supeisede the hammer wholly 
in part, by means of rollers, either produring al 
Duls, so that they required to be separated with a fiy 
with shears, or strings of nails much more nen 
finished. The method of producing this latter BOit w 
be apparent from the section of a pair of rollers repi 
wnted inj!i/. 58. As in tlie formation of most articl 
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'n which tentcitf is (leeirable, irou is much improTeil 
bj hammering ; uid a» this is purlieu I arl^ the caw in 
(be making of nails, ihoEe that are produced entirely or 
partially by rollinf;, or by any means but the forge, 
are reckon^ very inferior to ntheni that are made under 
mmer, and the prices of each sort vary accord- 
ingly. It requires, however, more experience than falla 
to the lot of many retail purchasers of nails, lo judge 
between the different kinds ; and more honesty than is 
always pusseased by certain defllers to prevent them 
from at least mixing up the spurious with the genuine 
articles, espcially in orders for exportation. Large 
quanlitiee of cheap nails are caet of common pig metal 
— these, of course, can never be mistaken for wrought 
ones : lath nails are generally of this description. 

Another description of rml-naih are made as follows. 
Sheets of iron of the proper thickness are cut across 
by a pair of cutting edges, which are set in mo- 
tion by machinery ; the breadth of these strips is equi- 
valent (o the length of the nails to be produced from 
them ; the strip, for the convenience of turning, is fas- 
tened into a pair of grips attached to a wood shank, 
resting, when in use, upon a support immediately behind 
the workman. The nail machine consists essentially of 
a pai( of cutting chisels or edges, which work perpen- 
dicularly, parallel to each other ; a gauge to determine 
ibe breadth of nail; a pair of grips, into which, at the 
lime, the wedge of iron falls, and where it ia firmly held, 
until a small horizontal hammer strikes it, and produces 
the head, when it is dropped into a box beneath. Brads 
are not headed, but are simply cut out of each other ; 
that is to say, a deficiency in the parallelism of the cut- 
ting edge produces the head, and prepares for the head 
of the next brad to he cut therefrom. Glaziers' brads, 
being simply wedge-shaped pieces of iron, without any 
bead whatever, are produced by the simple operations 
of the chisels ot cutters. When tacks are blued, they 
are done In quantities, by exposing them U> heat in an 



w 



muffle, or upon an iron plate. When 
jajwnned the ordinary procees h employed. 

The term Bpurahle, or spanow.biU, tw us 
held of this chapter, describeB a well known 
the form of which bears a sufficient resemhlan 
mandible of a familiar bird, to account for t 
lalioQ. It is here mentioned in this particulai 
not because it is in ilaelf of so niuch conBequen 
the articles, as in the hlElory of thi» extensi 
ikcture, having undoubtedly led the way to tb 
untvetui adaptation of machinery in the prot 
certain kinds of oails which obtains in many pi 
JJnited Kingdom. A pretty accurate idea of tl 
of producing this simple description of spar 
spriggs, may be formed hy taking a slip or 
paper, half an inch wide, and of any length, ■ 
pair of scissors cutting from the end triangulai 
in tile form of exceedingly fine wedges, lumin 
terial over after every cut, in order that tht 
broader part of every clipping may be taken 
point of the preceding one, and tiicfl versd. 

The stronger auctions of the annexed cut lep 
profile of the common sparrablea that are now u 
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used by the shoemakers, and the shghter sect! 
are called sprigga, used as well by that class of 
as by many others. 

If we transfer our idea from a pair of siaBSO 
worked by the fingers, and the slip of en 
the fly with its cutting punches, and u 
we shaU h«re d; 
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Ight actunlly anil eanily be cut out of rolled metal ; b^ 
p Utter procets, however, ibey would all be curled or 
vhid) is not the case with those cat by punches'. 
' eqiuUy apparent, that by uaiag witler strips 
■r material, the Bi;ie of the nsiU may be in- 
d indelinitely. The greatest proportion^ honever, 
e naili nianufactiired on this jjrinciple, ate from a 
about three inches in length. Althotigh 
ll method of making nails originated in the production 
! kinds first mentioned, and which are nithont 
; yet the practice of heading cut naili soon foU 
I] and is nov almost every where practised. The 
D of machinery into this branch of trade af- 

sliglit or favourable degtee ttie production 
articles by the old process of forging: this 

d the indignation of the nailors, and tliey were not 
'a expressing themselves very harshly towards a 
sry which had so iarfrcly superseded the hammer 
e hearth. The Dublin naiUmakers went to still 
T lengths in their hostility ; so that on the intro- 
if a machine uhieh had been made in Bir- 
, where nail-cutting has been carried lo the 
it perfection, the local nailors attacked the house 
e importer, seiied and broke the machine to pieces ; 
[sequence of this course of proceeding has been, 
e nail trade has decayed in the Eeat of its ancient 
srity, and Ireland imports large quantities of cut 
this country. As nails are an article the 
'8 of which is BO simple where the material 
BO economical where labour is cheap, tbey 

1 most countries where they are used ; espe- 
I in America, where machinery has long been 

perfection : the nail trade is, therefore, less 
t as connected with out commercial iniereBtN, 
IS fijmishing a product of immense value for home 
mption ; still the exportation is considerable, espe- 
« the colonies and to the East : HolUud, however, 
SB large supplies all over the continent, Rotterdam 
4 S 
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being a great nail mart, the principal nanufacluren ft 
wbich reside at and about Charkroi. 

Ab [be quality of the iron is a consiJeration of 
importance in the article of wrought nails, it is 
more so in the material of those that are cut bjr ml 
chinerj, particularly in such aorta as are headed. The be 
charcoal iron therefore should be used ; thongh in na^ 
making, as in every other species of handicraft, diitiinuts 
of price leads to tieterioration in the article ; and i 
dealers in brads and sparrables. nitb mare lemplBtiC 
tc uee middling iron than n\a.ny other tradesmeii, 
probably not (he leas prone to do so. As already obsen 
the sheet iron, previous to the operation at the fly, ia 
into strips ot rands, varying in thicknesa and bread 
according to the size of the nail to be produced, . 
length being of course determined by the width of 
slip. These slips are cut out of the sheet either v 
large shears, or by the tneana of grooved rollers ; tan 
to any prescribed size cut in the latter manner being fl 
nished by the Staffordslure iron-masters on terms neM 
identical with thoee upon which the entire sheet is sol 
As, howerer, in the laminating of iron, the elongali 
of the sheet ia inseparable from a corresponding directi 
of the fibre or grain of the material, and as, in slittli 
up the sheet with circular cutters, the section is aim 
always longitudinal, the nails cut from rands of tbit ■ 
are necessarily cross-grained and brittle, especially wt 
headed. On this account many nailora prefer t^ cut 
their material themaelves, even though under aotnewl 
disadvaniageous circumstances. 

The fly used by the nail-cuttera ia similar to that whj 
is found in many menufactoiiea where metal ii wrougl 
and of which j^. 60. is a representation. 

In order 10 avoid encumbering the cut wilh figurea' 
rfference to every particular part thereof, the conatrs 
tion and working of this extensively useful instrutne 
will be readily understood by the following explanftto 
The body of the fly a consists of a mausive caat-in 
r, having W Ihe top an arm or head containing 




IS bush through which (he screw vurka, and a lai^ 

e or foundation at the bottom, by means of which, 

cottor holes at the corners, the whole is screwed 

a the work-bench : from this foundation plate 

s the bed or boss b, having four screws to hold in its 

e whatever die or cutter may be required. The 

a screw c, which has a double worm, that it may 

e through Che greateEt space with the suiallest revo- 

Df its axis, works by means of a knob on its 

I the square box d; and which box, by being 

ntely flttud into iltrectora attached to the body of 

e machine, rises or f^iUs vertically as the screw is 

I its place. Into the lower end of this box is 

1 the punch or cutter suited to the corresponding 

' < in the boss below. The handle or lever e is 

ted at one or boih extremities, and lightly or 

y, according to the power required. The punch 

n cutting niils consists of n cube of steel, the upper 

:t of which is Hited into the box above described, the 

T extremity lieing filed obliquely on the aide to the 

iaiance of about half an inch from the ends, by this 



230 



LKUFACTUBB. CBAP. XIL 



means fonoing ■ ihoulder exactly the sixe and fonn of 
the nail to be produced : the outer or cutting edge of 
this shoulder, which i» formetl by the vertical surface or 
front side of the punch, is made by the motion of tJie 
fly to pSBg close by one of the edges of a quadrBiiguhr 
bar of aledi hardened, and fastened acrnsB the bed in » 
horuontal position, so that the punch and this bar null' 
ing right angles with each other, every descent of iIk 
former carries the groove in its vertical surface past the. 
sharp square edge of the latter, and thus cuts off the 
amount of a nail from the end of the slip presented. As 
every cut, in consequence of the shape of the nail, leaves 
the end of the metai oblique, it is turned over after every 
stroke. The celerity with which this operation is per^ 
fanned would astonish a person unaccustomed to witm 
this kind of work. The cutting is mostly done by i 
men : and when the nails are of the smallest sixe, I 
knack of the fly with every stroke nearly equals in 1 
rapidity of its repetition the ticking of a watch. 

By whatever methods they may be produced from tiie 
sheet, cut nails are generally headed by a contriTatice' 




a that represented in fy. 61. a 
)r head of metal, weighing from s< 
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teen pounds, and cast upon ihe extremity of an arm of 
iron about three feel in length, the other end of nhich 
consists of a Email croes bar, working with ears or alaplea 
in two upright cheeks of Hood placnl against the wall of 
the workshop. This arm is suspended in nearly a ho- 
rizontal position, by means of a rope connected irlth a 
epringing pole 6: this pole is a stout, flexible ash sap- 
ling, brought over a balk at the ceiling of the workshop, 
in a manner similar to that of a wood turner's l)irow. 
« represents a pair of massy cast-iron chups, bushed with 
two bits of steel to bite the imil, and drmly fined below 
into an upright block of wood. Over the upper part 
of these chaps is placed a wrought-iroii box or collar, 
through one end of which passes a screw i at Cached to a 
spanner or lever, and which, by being brought forwards 
or turned back, pinches the nail between the bits, or sets 
it at iiherty after it has been headed by a single stroke 
of the hammer, which is brought smartly down upon it 
~ t this purpose. This work, which is generally per- 
iled by a woman, sitting close up to the block in front, 
espatched with amazing quickness. 
~ e perfection of cut nails, as to workmanship, cen- 
ts principally in the shank being well formed and free 
ftom fash, the point keen and perfect, and the head as 
nearly circular, and having the stem as exactly in the 
centre, as possible. It is uncommon not to find in every 
parcel of nails numerous deviations from these desider- 
ata : where, however, this is not the case in any un- 
lightly or inconvenient degree, these nails have not only 
the advantage over wrought ones in price, but often for 
OK also, the roughness or beard necessarily marking the 
angles, contributing essentially to one main eicceljeucy 
— adhesiveness. 

It will be apparent, from the account of cutting aingle 
sprigs above detailed, that in forming a machiue to 
facilitate the work through Che application of steam or 
Other power, several precautions will bo necessary. It 
wonld be very easy, by a common vertical motion, de- 
^ cling either upon eccentric head gear or the simple 
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lever, to worlt a Bltaight-edged pouch so be t 
the ends of a number of BtrJpE of melal ringed I 
one another, liltlt pieces which should be of uniforni 
tbickoeas througliout ; but theM would be equally » 
at both endi. It is obvious, however, that by giving si 
oblique line to the cutter u compared with the ends o 
the metal tulips, or by presenting the slips themselvoi 
to the cutler in &n oblique direction, the portions tboppc 
off would be Bparrablea, more or leaa acute in thtdr ai 
according to the obliquily of the cut. Still, were li 
slips to be pushed forwards, and another series of piec 
to be cut off, these would neither be square nor trial 
gular like the others, but rhomboidal : unless, aft 
every cut, th^ eli|ia were turned over, which would di' 
vide the rhomboid and produce pointed sprigs. 

As, however, no machinery has yet been adapted t 
turn over a number of slips of iron (however easy ta 
turn a single slip with the hand), recourse 
bad to the means of giving a peculiar motion to the cut-* 
ter, which exactly meets the ditSculty. The antiexeil 
diagram will illiistrale the principle upon which n 
the engines for culling naUa by power are constructed. 
The edge of the cutter is indicated by the line A B. 
fy. Ca., and the slips of sheet metal by the lettera: 
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>r rather the 



e Buppose t: 
'e upon a pivot at 1, anil K to be a rod 
I atluhed to it at A, and tree to move horizontally, it will 
I bp obvious that a Htnall catn, revolving between the pro- 
I jectJDiis L M, will BJlJe tlie rod backward and forward, 
onsequenily, place the edpe of thecutleralternaiely 
I in Oie direction of the lines O P and Q R. If, ihere- 
I rare, die slips be together ailvanced under the edge of 
' ■ 1 the direction of P, and a stroke 
i Rud^ it U plain that the bits of metal chopped off will 
iMin the shape of the shaded secliona marked from S to 
"^ 1, by anoiher semi- revolution of the machinerj, 

ftlieedge of the cutter is moved into the line Q R, and 
ttK Blips advanced as before, the next stroke will chop 
OC (lupposiiig them at the ends) the series of sprigs 
■lladnl between V and W ; and this alternation of heads 
uid points will be presented to the cutler until the whole 
Sengih of the slips ia cut up. The sprigs will of course 
bcmore or less acute In their ehape, ag, by altering the 
■*roke of the rod K, the cutter is made to traverse a 
Smler or a lesser extent through a circle, the eegmenls 
of which are marked by Z X, Y N. 

Fig. 6S, h a front view of the frame in which the 
cutter works, a is a turned neck neatly fitted into a bar 
n above, and terminating with a stout pivot b. 
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past the sharp edge of a piece of sleel adjacent, fa; mcuiB 
of the rod d paseing through the neck of the frame to 
vhieh [he reciprocating motion already described it girai 
bj the bar e. The elips of sheet iron are directed H 
the cutter hy beiug placed upon a level plalf, ei 
opposite its edge ; and tliey ate puahtd forward e 
hy weighted strings or other contrivances. It will \> 
observed that a cam is used in preference to an ec 
wheel in moving the cutter-frame horinon tally, 1 
as there are tKo periods in its revolution, when 1 
does not touch the lever, and, consequently, the frsl 
has no motion, those are the moments when the cuttli^ 
stroke is contrived to be given. One of these tnachiuL 
is made to give about l60 strokes in a minute, contt^'l 
quently when six slips are presented at once, each cutter 1 
chops off upwards of 9(^0 nails in a minute; which, 
taking into account the ntimber of machines in a single 
eatablishment, may give some idea of the prodigious 
quantity daily manufactured in this country. It maj , 
be mentioned, that some ingenious mechanics have smi.. _ 
ceeded in constructing apparatus which not only cat tlw j 
nail from the strip, but catch and head it at a sin^^ 
operation. 

It may be mentioned, that about ten years ago a p 
tent was taken out for a fanciful peculiarity in bolls ai 
nails to be used for ships and other fastenings : it coi 
listed in giving to the shanks a twieled form, or, in I] 
terms of the specification, in " making the sides ai 
angles to wind round the axis of tbe bolt or nail iti ' 
screw form, so that the said bolts or nails, when in di 
act of being ilriven into a hole of proper size, revolre a 
their axis, as they are made to advance by the force ap 
plied to them, and the pieces therewith bolted togethe 
are held much more securely than they would be witl 
common bolts." It dues not appear, however, that thes 
torsion nails have ever found much favour with work 
men of any class. 

An extremely useful succedaneum to the commoi 
nail, but one of much more recent invention, is the wood 
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Bometimes called from its affinity, the 

Hrilcle, esptruialty in work not odmit- 

jt at much slrenglb, or to which the lisininer could 

Efae ■pplieil, oot onl^ holds into the substance of the 

erial with tin; Rrtateat puBsible firmness, bul, aa just 

arked, allows of being safely insinuateil in numerous 

» where, on account of the delicacy of workmanship 

^oftier causes, a nail could not he liriven successfully : 

LI description are most kinds of cabinet work, aiti- 

faconUining panes of glass, and numerous other things 

^Aetike sort. Screws, however, of this description 

« generally used innleail of the smaller than of the 

t HUtt of nails, the latter being without difficulty 

D into heavy timbers ; wliereas screws of consitler- 

■ diameter, on account of the increased friction pro- 

cd, when compelled to malte their way in ti hole of 

H dimensions, become almost unavailable, particularly 

flbe malerial into which they are driven be very 

I of the Utter descriplion, therefore, 

■e these sciews cannot be furced, nor large nails ad- 

eoDsly be driven, it is common to use what is de- 

n1 a lerew and nut, consisting of a bolt of any 

b ind thickness, having at one end a head of suf- 

•, and the other end screwed or tripped, so as 

it a square nut or knob, likewise lapped to suit. In 

f wing these screw-bolts, a bole is bored quite through 

' tbe titnbere to be fastened, into which the bolt is driven. 

to the head ; and upon the other extremity the nut is 

tightly screwed up by means of a spanner. These 

acKV/s and nuts, when large, are made by the black- 

amitbe, with the following tools : — 

Id fig. 64., 1 represents the screw-bolt ; 2 the nut ; 
S the spanner; 4 is the stocks, at the middle of which 
«re two hardened steel dies, upon which is cut the screw 
Intended to tap the end of the bolt ; 5 is one arm of the 
■locks terminating with a stout screw, by means of which 
the dies are pressed close together, to make the tapping 
more perfect; Sis ihe steel instrument used for tapping 
the nut : it is sometimes made rather taper, and always 
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iiicked Across the ttireaijs, to assiEt it in cutting 
iron. It is usei) with an horizoiilBi levei Btmili 
sloclc. But to return to the screw duIs, which i 
more immecliately the object of the present tleac 

The blanks Tor ffooit screws are generally for^ 
llie nailora, much in the same manner as the naili the 
aelvea. Instead a! tli« shanks of the former being I 
square, as those of the Isiler moBtly are, they ue B 
died on the anvil, and then rounded more perfectly 
swaging ; that is, by placing the article between t1 
bosseE, each having a semicircular concavitjr on ita ffa 
and which when made to close by striking the head 
the uppermost with a hammer, gives a cylindrical at 
to the blank screw : it h then cut off the rod, and t 
heail formed in a bore, in the same manner aa a i 
head. In 1818 a patent was granted to Edwi 
Wolley, of Bilston, for making these " screw-Forging 
as they are called, from round iron, which, being ■ 
into proper lengths, these were pinched when red-l 
between the chaps of a vice, or a pair of clampa, i 
the heads formed by a stroke with a 8y or a 
The advantage claimed for these blanks ove 
forged at the anvil, was, that they would be regnlai 
and uniformly rounded and tapered, though from I 
specification it does not clearly appear how the lat 
desideratum is effected. A patent for making th( 
BcrewB of wire hod been taken out three or four yea 
before, in connection vrith a process of cutting, I 
after mentioned. 

The methods adopted for the production of the won 
or thread, of the screw, ore various ; and, however simp 
the eflect ftodnced, net easy U> he described: indefl 
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IP machines exhibit such s tlej^ee of com- 
■ slnosC to set ihe inWlligibility of orilinor)' 
■ad deKtiption at defiance. The first and 
^le course, and thai which would most ob- 
itself in the infancy of Bcrew.cuUing, 
ring oat the thresiU with ft ihree-aquare file. 
plan nat too tedious, expensive, and imperfect 
itinue ; and accordingly it hag fot many years 
ily Huperseiled hy cutting and tapping. 
iforgingB as they come from the hammer poft- 
pee of hardnesa which would render the pro- 
itting harsh and difficult, were they not softened 
heated, a number together, red-hot. This 
of annealing being performed, the forging ia 
b; the point into a jointed iron chuck or nipper, 
spindle, and opening and shutting bj 
ew, as iu ^fig. 65. While the article ia 

Fig. 6a. 



I, and the spindle revolves, the be- 
under side of the head, and that portion of the 
Uch is not to be screwed, are brightened or 
ij the application of a fi e. The blank is 
tsed, tiled fiat upon the head, and the nick cut 
lilu saw, after which it is ready for [he cut- 
i, of which /;. 66. presents a front view. 

Fig. 66. 
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This machine conRisIs of ■ steel spindle 
a, i.bout twelve inches long, and revolving 
Im in the pup^icU b b, in the mtinneT of |t^ 
ladle : those portions of the spindle which 
the collars, and for two or three inches beyond, 
very true and cylindrical, to allow the spindle 
backward and forward. This spindli 
lies: one, e, being fast, to give motii 
loose, to carry the band or strap when off the foi 
The right hand extremity of ibia naundrel, or 
IB technically termed the tail, is finished with an inS, 
box, e, fitted with four small screws, for the putpoK of 
fastening therein the regulator screw, /, This 
is five or six inches in length, and as its character de> 
termines the thread of the screw to be cut, it ia itaelf 
made coarser or finer according to circumstances: g It 
the iron chuck or holder, occupying the nose of 
spindle, and in this the screw is detained during 
process of cutting. Its construction will be better 
dentood from an inspection otjig, 67. 



Fi-j. 67. 




Ko. 1 is a stout cylindrical box or tube of iron, 
six inches long and two in diameter, one end of whidi ii 
fastened to tJic spindle as already stated ; the other ei 
is closed, with the exception of a slit from the circum*^ 
ferenre to the centre, somewhat resembling a co 
key-hole. Exactly over this slit, and extending threrii 
fourths of the length of the chuck, is an opening for t^"^ 
admission into the inside of the trap. 2 is this tn 



BDustiDg of two icon crooks, not unlike the ehacUes of 

bang lock, willi a joiut between them, and attached to 
''e chuck by anoiher joint towards tlie spindle. 3 is i 

Kat of chisel-shaped spike, fixed to the oppoeile end, 
e edge of which, when the trap is shut down, juat 
irithin the thickness uf the screw-head, of the 
IKleot incide the cavity. 

In the front view, h indicates the position of the cut- I 
sn, of whicli, with the cuntrivanee by vrltich they are I 

1 Inmght into use. Jig, 68,, is a front represen tattoua 




Tbete cutters, 1111, tvo only of which are edged so 
u to act upon the iron, the remaining two being merely 
designed as counter points to keep the screw to the cut, 
■K inserted through t))e metal frames 3 2, and fastened 
by means of four short stiff screws. These frames move 
on joint pins, and by the operation of the lever 3, the 
cotters wbicli they carry are brought into contact with 
the shank of the screw, and made to hear upon it with 
• greater or lesser degri.'e of pressure, according to cir- 
rulnstances. Directing points, somewhat resembling 
these cutters, and attached to the hindermost puppet i, 
by joints, are made to close upon or recede from the re- 
gulator screw y; withaleyer like that by which the 
Avmes are worked. These levers are connected by a 
boruoDta) bar (not shown in the sketch), so that battt 
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cui be [lepreMed or devsled together, and thus the cnt 
ten and directors be at otux applird. 

Witen a screw ia (o be cut, the trap is lifted up, an 
the blank plnoeil with in nicked head against the 
epike, the whole being then shut down into the centH 
of the chuck ; after nhich both tlie levers are depressed 
and the strap transferred from the loose to the fixed ptd 
ley. The guides non acting U{X)n the regulator scrn 
behind, force the blank screw between the cutlers, ik 
edged ones cutting out the InterElices of the thread at 
cording to their size: when the thread ia traced fi 
enough along the shank, the levers are eleialed, & 
Bpindle pushed backward, and the screw either released, 
or, if not sufficiently deep, it is upain submitted 
action of the cutters. In some cases, by using a rept 
lator screw, with a reverse motion, the cutting is 
tnenced nearest to the head and terminated at the _ 
A few years ago the pacha of Egypt obtained from 
country eighteen engines of the kinds just describe 
namely, six dressing, six nicking, and six cutting e 
ginea, along with all the requisite tools for forging t 
blanks. 

In I8I7, a patent was obtained by J. G. Colbert, 
metropolitan watchmaker, for " certain improvements 
the method of making metal screws, for the use of 
kinds of wood-work." Mr. Colbert proposed to 
the screws out of wire of the proper strength, by 
cutting it into lengths, and then producing the heads 
hammering and spreading out one end of these piei 
while pinched in a vice, similar to the process 
riveting. 

The thread is cut, and the head turned ready for 
making of the nick or cut, by the machinery repreaeiil 
by the figures 69, 70, 7i- — aaa (fy. 69.) " 
axis, working in the uprights or puppets bod, on 
frame D D. At the extremity e of the axis, a piece ■ 
it at right angles, to which are affixed, bj screi 
nuts, the two bent arms f//f, which move 1 
screws gg as centres ; each is famished with ■ 



■piing h, nliich bean against the txie, and presseB the 

I BoiTespondiDg extremities ■ i strongly tonards each 

" if ; in each of these exIremitieK i i is fixed, by doTe- 

d alides and acrewa, a Bteel cutter k. m is a conical 

:, irhich may lie moved forward along the axis aaa 

Wsrds the end of which the bent arms //are fixed), 

I the purpOBe afterwarda described. The screw in- 

~ " o be turned and cat is placed between the cutters 

the holdins-pieces//. 

W^. 70. represents the aide elevation of a metal frame, 
two partB, u and 6, opening from each other on the 
It at f, 'irj the handle d ; the upper or moveable piece 



moving between two cheek pieces, of which one is 

\ Into each of these pieces a and b, and in a di- 

it right angles to their length, is placed in dove- 

id grooves, and tiiere aecured by ecrewB, a steel cutter, 

Iring teeth in the usual way, for the purpose of cutting 

W thread on a metal cylinder introdnced between 

: these pieces are shown in the figure at jfl, and 

P«uffidendy held together by the lerer and weight m n. 
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This part of the machinery is placed, vhen in lue, in i 
direction St right auglen to the direction of the sxii ii 
fig. 69. ; the cutters g and A being directly opposite 1 
the extremity of the cutlers k k, and within a sraall dii 
tance of it, so that the screw introtluced and held aton 
extremity by the cutters k k may hy the other extremil) 
introduce itself between the serrated or toothed cutten 
gKfis-IO. 

The following is the manner of working the machine: 






_ J. 71. is a front elevation of the upright piece d, 4 
hack puppet of _^j. 69., showing an aperture 0. A thin 
alee) edge-piece, x z, moveable on a centre r. It I 
suspended weight W, at a little distance beyond 
centre, and a treadle S affixed to the other exbemitjr^ 
A steel screw R {fig. 69.) is affixed to the axis a a, mi 
secured by a Email screw T ; this screw R passes through 
the aperture 0, without touching it : when the treadle it 
not pressed the steel edge z 2 remains clear of the screw 
R ; but when the treadle is pressed the steel edge is 
forced to enter one of the threads of the screw R. Thi« 
being done, and the axis a a made to revolve by the 
operation of the bow B B on (he pulley, or by any si 
lar contrivance, the axis being cylindrical throughout iw 
whole length wUl, by the action of the screw R on tlu 
iixed edge x, make a forward progress towards that pari 
of the machinery {fig. 6g.) marked r ys; and the rue 
of that progressive advance will be always regulated and 
ai^uatahle by the fineness of the screw R, which may be 
changed at pleasure as the thread may he required to b 




finer. This progressiTe advance of the axis 
ta will thus force the screw to be i:ut, jilaced as already 
■A tt kk inio (he amall tipace between the icrew 
ff* (j^' 70.)- The conical piece m is then 
; forward over the beni arms////, so a» by (hii 
the cutlers gg md the cuttera k /i are loosed a 
'Ettle : the new scievi, nhich was before held by the cut- 
lers kit, is now released from iheni. The screw beinf- 
detaineil by pressing the lever d, and the conical piece m 
moved backward, the cutters are tnade to revolve, and 
thus ram the level or back of the headof the screw, while the 
cniall cutter or chisel * at the end of the axie turns flat 
therarfaceof the head of the screw. Mr. Colbert make? 
■he nick in ihe head by placing a number of the screws 
in a frame, and cutting them at once with a steel saw. 

Aughtie of Cheapaide, who had a patent for coffins 
almost forty years since, included in his specification a 
peculiarity in the head of his screws, which is not with- 
out its aiivantagea in connection with that security of the 
dead, which it is in many cases so difficult to effect, 
rf ^m^ Mr. Aughtie'a screw (_fig. 72.). after being 
% Wfl q««f'*'f c"' "n the licad (fy. 73.), is on one 
^ ^-*^ side of each of the diviaicms filed away to the 

f bottom of the nick, so that a screw-tumcr will 
only opemte upon the swewa in one direc- 
tion, that is, to force them home ; it being 
impossible to withdraw them by any attempt 
to turn them the reverse way. 
There is another method of manufacture 
laigcly adopted in the production of an inferior kind of 
sfrew, which consists ratber in tapping than in cutting 
lie thread. The machine for this purpose, which is both 
simple and economical, will readily be understood from 
the annexed cut. Upon a strong fable of wood, fig. 74., 
ekvated on four legs, are Hied three cast-iron puppets 
flr uprights ; thrcugh the collars in two of them an axis 
is made to work freely, by being turned perfectly cylin. 
drical. One enil of this axis is terminated by a handle, 
and the Other carries a metal chuck, which opens vilb a 
n 2. 
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joint to admit the head and shoulder of the 
about to be tapped. The third puppet contains, bef 
moveable pieces bf metal, two steel dies, cut accal 
to the thread designed to be produced on the li 
A weighted lever is allowed to bear upon these 
holders, the screw blank meanwhile being worked I 
wards and forwards between them until the threi 
sufficiently elicited. In many places, a machine of 
description contributes mainly to the support of a fa 
— the husband forgini; the blanks, which are filed 
^nicked, and afterwards screwed in the above 
I'-fliewife and children. These articles are sold 




require to be moulileil harizontall}' in halves. It may 
be intereBting here lo remark, that some yearn ago Mr. 
Maullin, a Stsffbrdshire screw-maker, iovenled a melhoil 
of withdrawing beil, wood, and other serews from the 
sand in which tiiey had been moulded, which displaye<l 
«)[ipiderah!e ingenuity. His plan consisted in a con- 
trivance, by iDeans of which the model'Screws, after 
appearing with their entire length through a plate, upon 
which the moulding-bos waa placed, were at once turned 
round and drawn dowiiWMds, by a motion corresponding 
with the rate of the thread. A deacription and figures 
of the machine by which these ncrew-modela are with- 
drawn from the Band, will be found in the Repertory 
of ArtE, vol. xiil. p. 8. 

In the PhiloBOphical M^azine for 1829, there ap- 
peared an article on the adhesion of screw-nails, by 
B, Bevan, eeq,, civil engineer. The ai;rewa used in the 
«(periments of this gentleman were about two inches 
long, -^i^g diameter of the exterior of the thread, -j'J',, 
<liameter at tlie bottom, the de[)th of the work or thread 
being T^^;;, and the number of threads in one inch 12. 
They were paaaed through pieces of wood exactly half 
an inch in thicknesa, and drawn out by the weights given 
in the following talde : — 

Drfbeecb - - 460 Dry mahogany - 7'1» 

- . - TSO Dry elm- ■ ■ 655 

790 Dry sycamore - - 830 
760 

e force required to draw similar screws out of deal 
A the softer sorts of wood in general, is about half the 

Wtrhe occasional delay and confusion arising, when 
(Kihinery is out of repair, from the difficulty of oblain- 
and screws of a uniform size, led Mr. Whit- 
i 1841 to propose a uniform system in the 

..ns and fitting of machinery and in the sizes 

d amngements of screw threads. This system has 
I great extension ; standard forms and slandaril 
s 3 
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gauges have been adopted, by the use of which c 
Bponding parts of machmes may be prepared separatel]! 
with HufficieEt accuracy to fit without trial, 

Notwithstatiding the variety of articlea which li 
been deicribed in the preceiiing pages, as luanofacnired 
from wrought ami cast iroo, it muK( not be auppose^ 
that aD;t1iing approaching to a descrJptioQ of ii 
manufacture in general has been arrived at. The t) 
line only of a few of the more striking object* ha* bi 
dealt with. From the vast exienEion of the applictt 
of machinery, both cast and wrought iron have foanj 
many new and important uses. It would be uselea 
within the limits of tliese volumes to attempt a descripr 
lion of the works now carried on at our large foundcriec 
for steam-engines of various kinds. In Cornwall some 
extraordinary work in ihe way of casCiogB, as cylio- 
den for the large pumping engines employed for driiik- 
ing the mines, and particularly those used in ihe drainiog 
of the Lake of Haarlem, have within a few years bee« 
executed. In the founderies of the celebrated muiufio* 
lurera of marine and of locomotive e team- engines, worki 
in iron, remarkable alihe for their strength, gig 
character, and exquisite beauty of execution have been 
produced. To these we can do no more than refett 
directing our readers who may desire further informatiaa 
on these particular points, to those works of Dr. Lardnet 
which treat especially of the steam-engine. 

The extension of railroads over the globe has e 
rally led to the employment of enormous quantities of 
the metal whose history has been attempted. It wiQ 
not, therefore, be uninteresting to examine the preset*, 
condition of raihoads at home and abroad, and endeivow 
10 determine as nearly ss we can from existing infbnn- 
ulion the present state and probable progress of ii 

At the end of 1859 there was more than 6000 mOw 
of railway laid down, and open for public traffic, i 
England and Wales, more than 1500 miles in Scotland^ 
„j ._ .^-jj jijjj^ j^ Ireland; making allogeltwr 
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in the United Kingdom about 9000 miles of railway 
completed. We are indebted to Dr. Lardner for the 
following table showing the extent of railways under 
traffic and the amount of capital invested in them in the 
several countries in which railways have been constructed 
(1851.) 





Miles of Rail. 


Cost of Construction 


United Kingdom - 


way completed. 


and Equipment. 


7,000 


250,000,000 


Germanic States 


5,342 


66,775,000 


United States 


10,289 


66,654,000 


France - - - - 


1,818 


48,781,000 


Belgium - - - 


532 


9>576,000 


Russia - - - - 


200 


3,000,000 


Italy .... 


170 


3.000,000 


Totals - - - 


25,351 


447,786,000 



Since this table was compiled^ a considerable extension 
of railroads has taken place both at home and abroad. 
Not merely are Europe and America vying with each 
other in affording the facilities for transport which rail- 
roads offer, but we find the iron-rail in progress of ex- 
teusion across the sands of Africa, and it spans the hills 
and valleys of our East Indian possessions. 
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TttB genera! historj of the knairledge of ir 
in [he earlier ages of the woilJ, and the introduction d 
these essential articles into the arts, convenieDces, 
(unhappily) into tlie dissensions of mankiDd] has aln 
been succinctly sketched. Sorae account has been g 
of the appropriation of those metsla, especially in i 
nection irith the vast field occupied in thia coantry b, 
the foundery trades. It will, therefore, be the design 
this chapter, aft«r noticing some early opinions on tl 
subject, to exhibit Eomewhat in detail the pmcessee el 
ployed in the confersion of iron into steel. 

Whether the ancients were in possession of any e| 
of metal so hard as our steel, or what was their n 
of hardening thi? bronzes with which we are scquaintec^ 
are questions which the investigations of science i 
history have yet lu answer satisfactorily. Those stn 
pendous monuments uf snriquity, the Egyptian obeliita 
are of porphyry, and, as every one knows, most curiondy 
carted with* vast number of figOKs. That these sculp- 

!B have been execuie^ddAfllB? ^^^ "f metal t ' 
and the q 




!S of such extreme hardness. Hence it wan 
notion, two centuries bnck, that the art of 
■teelin^ tools in the highest degree of perfection wsa 
tertainiy lost to the raoderna. 

Without pretending to deny the conclusions to which 
d)e philosophers of the seTenteenth century have come 
on this EUltject, it may be mentioned as remarkuble, 
^t the ancients, who have written on most eubjectB, 
aad on steel among the rest, have left us no intelligibln 
infomatioa on this point, nor any hints nhereby we 
can infer that they were in pOBsession of any secret in 
the method of manufacturing chisels or picks, wliniever 
they may have possessed of peculiarity or pereeverance 
in the use of them. This is the more surprising, inas- 
much as not only the monuments of Egypt were of the 
noat obdurate material, but likewise the obeliEka of 
Home are, to a targe amount, either of porphyry or 
red grauile, and must, therefore, have required no in- 
ferior looEs and industry in their execution. In the 
■Mond place, we do not, in our day, now that the manu- 
fictine of steel is so well unilerstood and so successfully 
miducted, hear any thing of insteriols loo hard to be cm 
by it, did there exiat any competent inducement either 
in the recommendation of the metal or in the applica- 
bility of the Etone to try the experiment. The fact ap- 
pears to have been, that, two hundred years ago, the art 
of steel making was litde known^ and less practised, in 
this country; and of the article imported much was bad, 
and the methods of making it were often involved in 
w3ful mystery, on purpose to mislead native adven- 
too, be admitted, that the metallnrgy 
e bad not sufficiently thrown off the credulity 
' fumts to be willing, at once and without trial, 
B the efficacy of certain prescriptions for per- 
le unscientilic processes -of steel making, " Aa 
" says Dr. Lister, in the year 1693, 
\t great abuse in this ingtiufacture, and the pro- 
ir used by most nations are fraudulent, and a 
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poisoning of iron, hy certain mineral salts, rather tl 
true making of steel." 

The foregoing quotation is from a paper read b 
the Royal Societyj and constitutes No. 203. of the w 
ginftl Transactions. In this commnnication, af^havil 
given a passage from Aristotle, lo which we shall in it 
other place refer, the good doctor, with inlinil« tifl! 
plicity, thus proceeds: — " We ahaU now give the hh 
account how true steel is made at tliis day, waiving i 
fraudulent proeessea. The manner is thus faidifiill 
described by Agricola, De Re MetaUicd, Uh. 9. And I 
confirm its antiquity, this way of making steel is, I 
Kircher, said to be now in use in the island of Elb 
a place famous from all ages, even from the times < 
the Romans, for that metal alone, down to our Aa.-fi 
' Make choice of iron that is apt to melt, and yet htai 
and may easily be wrought with the hammer ; for d 
though iron which is made of yitriohc ore may nu 
jet it is soft, or brittle, or eager. Heat a parcel of m 
iron red-hot, and cut it into small pieces, and then n 
it with a sort of atone, which easily melts ; then set i 
the smith's forge or hearth a crucible, or dish of crudhi 
Tnetal, a foot and a half broad, and a foot deep; fil 
dish with good charcoa), and compass the dish t 
with loose stones, to keep in the mixture of stone 
pieces of iron. As soon as the coal is thoroughly kindled 
and the dish red-hot, give the blast, and let the ii 
man put on, by little and little, all the mixture of 
and stone he designs. IVhen it is melted, let him tl 
into the middle of it three or four or more piecei ^ 
iron, and boil them therein five or six hours, with a Mri 
fire ; and putting in his rod, let him often stir the meltcl 
iron, that the pieces may imbibe the smaller particles a 
the melted iron, which particles consume and thin d 
grosser ones of the iron pieces, acting like a ferment e 
then), and making them tender. Let the norjcman noi 
take one of the pieces out of the Are, and put it ondn 
the great hammer, to be d rawn out into bars, and wnraght; 
and tlien, hot as it is, [liunge it into cold water, Thu 



3HAP. XXIT. ANCIENT STERri MAKTNO. 2M 

tempered^ let him work it on the anvil^ and break it ; 
md^ viewing the fragments^ let him consider whether it 
bok like iron in any part of it^ or be wholly condensed, 
ud tamed into steel. Then let the pieces be all wrought 
into bars, which done, give a fresh blast to the mixture, 
adding a little fresh matter to it, instead of that which 
bd been drunk up by the pieces of iron, which will re- 
fresh and strengthen the remainder, and make still purer 
the pieces of jron put into the dish ; every which piece 
let him, as soon as it is red-hot, beat into a bar on the 
mvil, and cast it, hot as it is, into cold water. And thus 
itm is made into steel, which is much harder and whiter 
ban iron.' " 

That the forgoing is an imperfect descriptibn of a 
eal process cannot be doubted ; because, not only is the 
ict of steel being produced indisputable in itself, but the 
laterials enumerated, however strangely brought to- 
ether, are evidently appropriate to the purpose. The 
iamed doctor, pursuing his observations, says, " There 
I but one place that I know of, which may give us any 
£^t into the enquiry concerning our tools, and that is 
I Pliny, lib. 34. c. 14., where, speaking of iron, he 
lys, ' Fomacium maxima differentia est. In iis equidem 
adeus ferri excoquitur ad indurandam aciem, alioque 
lodo ad densandas incudes malleorumve rostra.' From 
lis passage it should seem that the ancients had one way 
) make steel, and another way to harden or temper their 
K>ls, particularly such as picks and anvils. It is also 
lain diat 'nucleus ferri' was melted down in both, 
gain, the difference was in the furnaces, that is, in the 
lanner of ordering the iron to be made into steel, or for 
le extraordinary hardening of the heads and tips of 
M)l8, and not of the matter of which they were made, 
)r both were done by boiling them in molten iron. It 
mnot be doubted but by ' nucleus ferri' must be meant 
ell-purged iron ; the same which Aristotle calls tipyaa-^ 
woq a-i^foq ; for why else should lie tell us that wrought- 
on itself may be made liquid, so as to harden again, 
lat is, to cast again into sow-metal, if it was not to ex« 



plain to us tJie manner of making steel ; wtiicli they di 
probably, after the precept above delivered ; that is, n 
only to boil die icon in its own eow-meuJ, or liquid ir« 
but hammer it also, and after tliat quench it in go 

It may perliaps be deemed presumptuous, after the 
puzzling pasBage above ciiecl from Pliny has lieen so long 
allowed to rest under the foregoing interpretation 
turb the senGe, or rather the unmeaningneas put upon H, 
by learned men, by giving a very obvious ^ommon-pUcbt, 
solution of ita seeming ambiguity. But may not Rhifi' 
Bimply mean to tell us, that iron in two states b exceed^ 
ingly hard — indicating in the first place brittle caat-iroSi^ 
or white short, >nd in the other cemented steelP 0^. 
this hypothesis, iu stead of putting uponnucJeuc^/errt til 
forced meaniogof "well-purged iron," we only require Ol 
plain translation "ironstone," and which, in fact, b 
il once elegant and significant, when used in refer^icet 
the ore in those nodular masses in which it ia 
found. That the wootz of India, in the state in t 
we receive it, is the immeiliate product of the ore, i 
10 be undoubted ; and yet it is not only in common nif 
eH other pig metal derived directly from nucleus tenA 
but it has, in common with steel, the properties of malic 
ability at a certain heat, of hardening by ii 
when hot in cold water, and of being tempered i ^^ 
usual manner. It appears equally indubitable that P]ht^ 
uses dfimare to denote "cemented" if not cast steel 
and certainly no epithet could be more happily desciip 
tive of the (iiange induced upon iron by the carbotiatin 
process, at a time when chemical nomenclatiu-e was oi ' 
more imperfect than the science which in modern tin 
has so enriched it. 

Dr. LislcTj however, must he allowed to have f 
play for his opinion in favour of the superior k 
of the ancients in tlie management of their ii 
" As to the steeling of their tools, they boiled them fa 
sow-metal to such a degree of hardness or temper ai 
was requiute, and did not afterwards hammer themi 



d this eeems to b« implied in the phrase ' densare ;' 

f, tlthough it be generally sud, tliat iron is purged and 

d for the makiug of steel, yet, according to the lait 

id truest proceaa, the matter is plainly otherwise ; tot 

HI this way made into steel becomes a kind of electnini, 

' ii filled with an exceedingly brittle and hard body 

ti own nature, iron being apongy and not close ; for 

;h purpose, therefore, the word ' densare' is by Pliny 

I fOj and elegantly used. And this way was used when 

I llie eironqeat temper and liardnesa was required, as for 

Lfidb and anvils ; for which there might be several rea- 

m; u, first, that it is easier to work iron than 

) any flg^ire, that being far softer and more 

band loose: again, it is certain that iron by igni- 

apoiled or corrupted, so that the oftener it is 

e steel, it would the more relent. 

e the ancients, knowing well tliat in making their 

1, they must consideraHy loosen it and abate 

r ttanper, they therefore first shaped them, and 

e them a strong body of steel and temjwr toge- 

d so had nothing else to do but to finish them 

e grindstone and hone, to set llie point or edge." 

n steel-worker would look upon these opinions 

Wy apocrypha!. 

nay hate been the practices of the ancient 
n reference to the conversion of tlieir ma- 
n it required, or whatever may be tlie 
ig of the writers quoted. It is passing strange 
% any individual in England should talk about steeling 
''»by " hailing them in sow-metal," when the no- 
a HBult of such a course, whether the articles were 
It' steel, must be precisely similar to what would cake 
were a pound of candles to be boiled in melted tal- 
; steel, as is well known, is melted with the greatest 
'" jr every day in the converting and refining eatab- 
aita ; and maDeable iron, however difficult of fiiaioii 
I, loaes all its obstinacy, and presently runs down 
lie, by admixture witli a smaj] portion of 
it h indeed common enough with a claaa of 
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casters nrterwards mpntioiied to correct the qualitj, n 
Eupply ihe deficiency of good, pig-metal, by mdtingdien 
with any proportion of old iron that they may tliini dfr 
sirable. The test of the crucible ia not always at hirf 
even with the translator of an ancient writer on mM*!- 
lurgy. 

It may be catirenient to observe, ab initio, that > 
every description of pig metal may be made into inmo 
<(na]itie« varying from bad to good, in the degrees accord 
ing to which each sort contains more or lest of im 
purities; so almost every kind of iron may be converte 
into steel, which if all the processes be properly coi]> 
ducted, wilt be valuable or otherwise, according to tb 
character of the ore from wliich it hag been originalljr 
extracted. 

Altliough the mineral riches of this country a 
ceedingly abundant, and amongst our metallic product 
vorutone, as already shown, is neither inconsideraUe i 
qtiantity nor importance; yet it is generally known i 
the most valuable sieel-trona are imported, chiefly ft 
the north of Europe — Prussia, Sweden, and Rusna. 

However justly, therefore, and highly we may apptfip^ 
ciate the subterranean treasures of our own island -~ki 
these are really more valuable than gold or silver or pn 
cious stones — we are stiU compelled, in reference to ot 
native varietiea of this most useful metal, to reply in ik 
negative to tlte emphatic question of the prophet Jen 
miah, " Shall iron break nwfflern iron and sleel f " Tk 
principal part of the iron trade as lo shipping bBiii| 
trans ac led over the North Sea, geograpliicai dtuadaiihil 
made tiie port of Hull the great entrepot of impoT(atig| 
from the countries above-mentioned; hence the quautiq 
of iron unloaded there from ilie various vessels is prodi^ 
gious. Of these immense arrivals part is carried fi 
Newcastle, some to Birmingham, and a still smaller pi 
tion to London ; by far the largest proportion, howe* 
of the whole amount, more CBpecially of ilie most viJii 
kinds, is brought by canal to Shcffielil, and there coiiveri 
into sleel. 



Uke other reroarlftble eomniodiiiea whicli owe Iheii- 
brity to, and conmuid a gale from, their connection 
_ lipTcacriptiTe approbation, long eatablishedj (here 
n ttrUia Idnds of foreign iron, (he names and marks 
Wwhidi, aB being the acpredited gitaranteea of quality, 
■•imys fetch muxiiniun prices; and, after conversion, 
^ TOHigliC with entire confidence into warranted ar- 
The markt, therefore, which diatinguifih im- 
bar-iron are as numerous and as carious as the 
. whence they are derived. It 
Id neither be iUBtructiTe nor arnuaing to the general 
3 give here a complete vocabulary of these sym- 
I, u significant to the practical iron-masters. As a 
omen, however, the following, in the order of their 
Idrity and value, may be mentioned; 1. @ (hoop L); 
'1 (G L); 3. % (double bullet) ; 4. f (GF); 
S.m (gridiron) ; 6. Ji (J B) ; 7. V" ("""■'■uclt) ; 
».p (Candcrown); 9. f^£5-°(CCND). The 
mentioned mark indicates the popular iron which is 
ght from the extensive mines of count Demidoff in 
[h£b, the late noble owner of which was recently shot 
* 'n a duel with a German nobleman, who is said 
If to have been pursued and assassinated by De- 
fa servant, soon after the municr of his master, 
e reputation of the forej^ning and other marks has 
I thera precedency in the market, it has been con- 
ed that pryodice as well as superiority might operate 
B«xcbiding other valuable hut unaccredited irons from 
ining a fair trial either in the furnace or on the anvil. 
dingly, several new marks have found iheir way 
Qto good use, though with a reputation vastly inferior 
10 Uie standard impressions. 

Although the integrity of this important coinage of the 
metal is never violated by the makers or the immediate 
Unporlers, yet nefarious practices in this way are fre- 
quently more than suspected among some of the parties 
tlirough whose hands it afterwards passes. This impo- 




sition IB efikited either b; breaking off die 
uf bars of inferior iron, and re-stamping 
brand cut lo imitstc the ilcvice of some inaktf j 

t'liaracter; or metals of inferior quality 

iir subfitiCuted for others during an after procew, 
ai; tlie marke are gone, the credit of the caster is thei 
piarantee to tbe purchaser- And as no criterion D 
ik'cided efficiency can be applied to teet the metal in il 
unwrought state, it too frequently happens that its infi 
riority or trorthlcaanesa are only discovered when tt 
late to be remedied — the respectability of the r^idtti 
in general the only security which the user of tbenu 
lerial can have against being imposed upon himself, K 
of being made the uncanscious agent in imposing opt 

By far tlie most celebrated and valuable of the 
marks, anii the exci^ency of which, as an article i 
cast-steel, is nnapproached by the other irona,ia hoopi 
It is the product of the Dannemora mines in Swede 
itnd owes its superiority to some properties with wH 
ivc are almost entirely unacquainted : it 19 not ev 
known whellier these properties are to he referred 
iome pecuharity in the ore, or to lome secret in the is 
iiufactuie — some testimonies affirming that the smdli 
and forging is the same at all the works; and othera, ll 
irons of inferior celebrity are proiluceil from the su 
Dannemora mines, where, in fact, different masten I 
said to be in the habit of lending to one another identli 
ores to be smelted for different sorts of iron. As. I 
Swedisl) irons are wrought with charcoal, and the saj] 
iif wood necessarily limited by nature, so is the amgi 
of iron annually produced limited also by _ 
and taxed to a trifling amount. This politic 
at once kept up the priue end the means of the -max 
f.ioture against individual cupidity or competition. 

The "region of tlie tnines," bo caHeiSs *"«*=", 
eupies the whole breailth of the country ,fto™, the bt 
dary of Norway to the Gulf ai Bl>«^«w^ ^^ «^>' 
boundary being a line dra-Bt. trflm *=3^°«^'^ 



liike Siljan to Sod^rham ; its southern boundary lying 
•loBgkt. 59° N. The area of (his district is ifi.OOO 
^uare miles. The best iron is obtained from the Dan- 
in Upsala Lin, of which ore upwards of 
innally received into England, und em- 
Mjed at Sheffield and other [ilaces for making steel. 
le annual produce of atl the iron mines of Sweden is 

It 70,000 tons of bar iron. 
The number of furnaces employed in the neighbour- 
d of Sheffield for the conversion of iron into sleel is 
tiruds of 120, each of them capable of converting 
Hdj ux tons of iron, and consumes during the pro- 
It a qtiantity of coal about equal to the weight of the 
;re are, also, Kboul 100 steel melting 
n average, containing ten holes for 
hables. Four tons of good hard coke are required to 
ne ton of cast steel, and each furnace of ten holes 
™ 4J tons of tnelted steel per week. The annual 
mtitj of steel produced in Sheffield is about 17,000 
■ ttota foreign (Swedish and Russian ii 
" o 2000 tons from British iron. 
3*he foreign irons when imported are 
I, varying it may be in length from scvi 
t, and, of course, differing somewbnt ir 
e that they are passed th 
Iting furnace. 
The fiimace, in which the process o 

iorly a sort of boitle-shaped building of 
;, resembling an orilinary glass-house; it ii, in fact, 
b conical covering of a large oven seven or eight yarda 
le at the base. Under this cupola the furnace is con- 
Dcted; it consists of two oblong receptacles or troughs, 
mt fourteen feet long, two or three feet deep, and about 
k nme in width, and composed of the best flre-stone, 
IT five inches thick. These coffers, or pnlt, as they 
^ called, are placed in parallel directions, a little space 
ach other, and in such a manner as to admit of 
sotitely surrounded by tlie flames and heat of a 
K kindled beneath them, the air being admitted througb 
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of [be receptacle, vhich contains from tbirteen to seven- 
teen tons of metal. The whole is then covered thickly 
■with liver sand or earth that will not eaeily ritrify. Jn 
Sheffield, a mass of the Bti9' ferruginous niud, called 
*efietltinar/, the stuff which is produced by the wearing 
of the grinilslonea, is generally used. This is to prevent 
. the charcoal from burning away, and confine the action 
i of it> carbonaceous quality as much as possible to the 
I troD. Every unnecessary aperture is then carefully closed, 
I Ud a bard coal fire lighted, nhich is kept up with a con- 
aiderable degree of intensity night and day for about a 
"eet, a little more or less, according to the degree of 
UrboniGation Tequired. Whenever the interior of the 
Bouglis reaches the temperature of about 70° Weilge- 
itood's pyrometer, the carbon begins to be absorbed by 
Ibe iron. To ascertain how the process is going on, a 
■mill hole in usually left in the end of tile pot, through 
■bich a bar can be drawn. If left too long in the fur- 
■ nice the bars will melt Mr. Buttery, of the Monkland 
il'Worka, in a communication to Dr. Ure, says, "When 
iron has absorbed a quantity of carbon in the blister 
i furnace sufficient lo constitute steel of a proper de- 
K of hardness, and the heat after this is continued to 
Kept up, the steel will keep absorbing more and more 
The fusibility will continue to increase just in 
le proportion, till at last it becomes so fusible, that 
D the limited heat of a blister steel furnace brings it 
; and just at the time it is passing to a Suid slate 
o great a quantity of carbon, as changes it from 
Le of steel to that of cast-iron. It appears to me, 
pi the charcoal is combined in rich cast-iron in the me- 
.te, and not in the chemical, as in steel," 
le metal, by appearances familiar lo the work- 
.H found to be sufficiently pervaded by the carbon, 
Kftunace is suffered to cool. In the course of about 
wven days, a man enters the pola to remote the 
t« J the charcoal having been preserved from Dom- 
1 by the pUce )>eing kept air-tight, has suBered 
e alteration in appearance, and is laid aside to be used 
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again : the bars, which were before as snMolh aa (1 
foi^e haittmer left them, are now covered with lug* 
Binall blialers, accadoned by the rarefaction of am 
quantities of air during; the pniceEs of cmversion. 
diis Mate the metal is called biistered steel. 

On breaking the bar, the fracture, which in the ir 
state was com para tively fine grsined, with an intsrtai 
tiire of brilliant facets, is now crystallised as the wtt 
men say, hut perhaps may rather he said to be lomclUlcd 
iu brilliancy is of a grey colour and less ^ttering tl 
before : it appears as if an entire disruption of the 
ternal structure had taken place. Tbispeculiarityof fr 
ture is of uniform appearance if the carbonising proi 
has been complete ; but if only partially effected, d)(i 
centre of the rod still exhibits its duller ' 
lure, or pilli, as the workmen term it. 
marked, that even with the same sort of iron very diffin 
ent degrees of carbonisation are requisite, as tile tl 
may be for different usee. For rarors, the hardest at 
is essential; for Hies, it is a d^ee lower; for tot 
somewhat lower still ; and for CDsch-springa, a still 
ferior degree of the carbonaceous quality 19 required. 

The carbon which the metal has derived during I 
above described contact with the charcoal, ha« increai 
its weight somewhat less than the one hundred ■ 
fiftieth part. And it will be evident, that not only n 
any kind of iron be converted into a description of si 
uialogotis to the primitive quality ; but that, ae applM 
to the beat material only slightly changed, the tena ■ 
itself may be said tu imply rather a relative than ta 
solnte condition of the metal. Tt is indeed obvioui 
the compactness of texture, capability of extreme barJ 
ness, and consequent liability to break, which 
the blade of a lancet, would be ruinous in the material 

a coach spring. All steel, however, whatever belts 

parative fineness of granulation, possesses absolutely til 
quaiitteB of becoming hard and brittle, after hai " 
plungeil while red liot into cold water or oil ; a; 

!t afterwtfd* of bei!<»W>'''S '""i^ or leas elastic, 
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a given temperature. Ab a curious feet iUns- 
the i>*CunI excellence of the beat Swedish iron, 
Snity to steel, it may be mentioned, that piecei 
1 totnetimes met with, out of which capitsl 
1 ocber HTticleE have been fabricsted, without itii 
ig the prooesB of cementation ut aiL 

Shear S/rel. 
;h great qnantitiea of steel are used in the blit- 
, fet it it eo Eurprisiiif^ly improved b; pasBinp; 
le proceseeB next described, ihut nearly all the 
I in the manufacture of the better sorts of cut- 
submitted to one or ot1)er of these 



every body has heard of the Damaecui fteel ; 
I fact, little beeide the name, and a vague no- 
it ia made in same parts of the Levant, appears 
«n about it. Same authors have assertral that 
liom Golconda in the Bast Indies, where, add 
^thod of tempering with alum, which the Euro- 
re hitherto been unuliie to imitate, was ttivented, 
erally considered ihAt a small quantity of slu- 
into the composition of iliis atecL It is 
'led, that the real Damascus blades emit a 
«dotir on being bent. Again, it is stated, that 
inning of the fourteenth century, Timur 
hk conqu^t of Syria, carried all the celebrated 
lies of steel from Damascus into Persia, since 
iod ile works in this metal have been little 

nouB sabres of which we have heard so much, 
« once held in such high estimation through- 
>e and the East, are said to have been con- 
ij a method now lost, of welding together 
layers, about two or three lines thick, of iron 
They never broke, though bent in the most 
ner: and Andrew of Pertara, who ha« left 
■ swords of a matchless temper, one of which 
to have carried wrapped about his boDiiet, 



is believed to huve posscstied the secret of the Damascenei 
The elaBiicity of these far-fanieil weapons appeart dI 
to have been more perfect than their power of edge, I 
which, accoriling to grave accouDts, not merely mosdl 
und bones, but even common iron and steei yielded. 

Although the fact of the Damascus Bteel owing il 
peculiarities to the inter! ami nation of iron and steel hi 
been Bometimeit doubted, the method of preparing ei 
ciescripdon of sleel may be thought to " 
Half a century or more ago a kind of sieel designab 
from the country from whence it came, German tU 
was imported in considerable quantities for partimli 
purposes. The first manufactory of it it 
was at Newcastle, by an individual of [he name i 
Crowley, who was so successful that his name haa : 
become synonymous, in some parts of the world, 1 
this description of steel itself, by whomsoever m 
About thirty years since, several forges for the put] 
of making Utis description of metal were erected at Si 
field. This steel being very suitable for making she 
was called shear ateel, by which name it is geitef 
known. Indeed, so far has the use ot this term prevulei 
that it is not unfrequenily formed into a rerb by tl 
workmen, who indicate the process about to be describe) 
by the lenn sliearing. 

For this purpose six or eight pieces of bar-sled, aboti 
thirty inches in lengib, and in its blistered atate, a 
placed upon each other, and the ends of the whole Jl 
serted into a stout square hoop, at the eitremity of' 
pole of iron, five or six feet long, in the 
rcpresenleil. 

Fig. 7S. 



The fasciculus thus prepared is placed in a wind fur 
■' ■' ' " ' sofa welding heal, 

ratteied over it 
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Hietts of a small shovel^ and ivhich, by forming a flux 
or glaze^ has a tendency to prevent the metal from fusing 
w burning away. MHien reduced to a glowing heat, the 
nass is withdrawn from the fire, and placed under a 
hegyy foi^e hammer, striking slowly at first, and then 
quicker, until the whole is drawn into a rod about two 
inches square ; it is then cut in the middle, placed to- 
gether, and welded again as before ; being afterwards re- 
duced to the size required. Steel thus treated not only 
loses all those seams and flaws so frequent in the blis- 
tered bar, as occasioned by the imperfect operation of the 
ioieign forges ; but it at the same time acquires a uui- 
fonnity of quality throughout, as well as a degree of 
malleability and tenacity which greatly increases its value 
for many of the purposes to which it is applied. It is 
ealled double shear, single shear, or half shear, accord- 
ingly as the doubling and welding may have been more 
or less frequently repeated. The article known among 
dealers by ihe appellation of faggot steel, is manufactured 
by a process analogous to shearing. 

A patent was taken out by Mr. Charles Sanderson, 
of the Park-Gate iron-works near Rotherham, ^* for a 
new method of making shear steel." The patentee 
represents his invention to consist " in forming shear 
*teel out of very small pieces of bar steel, instead 
of pieces from one to two feet in length as heretofore ; 
being thereby enabled to form shear steei with fewer 
heats, and, consequently, with less waste, and without 
the use of silicious sand as heretofore practised.'' To 
this end Mr. Sanderson, in his specification, says, <' I 
take bar-steel, in the state in which it comes from the 
converting furnace, and break it into very small pieces 
of one inch to two inches long ; a quantity of these pieces 
being ready, I procure a round stone of any quality 
which is capable of withstanding a very strong heat with- 
out cracking or breaking ; and upon this stone the small 
pieces of steel are piled as closely and compactly as pos- 
sible : the whole is then enclosed in a fire-day crucible, 
and placed in a reverberatory furnace, where it is allowed 

8 4 
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to reiDsin until the whole mses bei^omei of ■ high wdd> A 

iiig heat ; it is then taken from the crucible ind pUccit ll 

under i heavy ost-iron hiuniner, usually called a mtU 

htlot, Bud exactly (he Eanie as those used u 

faclure of bar iron. This hammer it driien by [ 

chinery, and, from the circumstance of the whole uiaq 

being in a Bcmi-fiuid state, it i& almost ingtantanfoualj 

hammered or manufaclured inCo one solid 

of steel, of from three to four inches square. TbUbl 

is then placed in a furnace, or, as it is more generally 

termed, a hollow fre of two or three feet square, heate) 

with coke, and the heat incteased by the applict ' 

a blast of air ; and the whole mass or body of the al 

being raised to a high welding heat, il i: * 

from the furnace ami placed under the hammer ahoTei 

mentioned, and drawn into a bar of shear steel, read]' U 

be tilted or rolled into the various shapes o 

may be required," 

Cail Steel. 

About fifty years since tt person ofthe name of Hunts- 
man, residing at AllerclifTe near Sheffield, conceived the 
idea of reducing steel to a fluid. He pursued the ex- 
periment with complete success, and was for some time 
the only noted manufacturer of an article which, bear- 
ing his name, is still held iu high estimation. His auo- 
MW gave rise to competition, and Mr. Booth of Brush 
Hoiue established extensive and successful works at 
Rothcrham. The retining of steel, howevtr, haa decayed 
at the latter place, in consequence of the amaaing extent 
to which the art la practised and the business carried on 
in the neighbouring town of Sheffield. The prodigioui 
natnber of furnaces constantly at work, the number of 
hands employed, and the amount of steel cast into ingoia, 
to be lilted or rolled for the various purposes to which 
the material is applied, excite the astonishment of visitors. 
This town has uot only become by far the largest labo- 
ratory and emporium in the world fur cast-iteel, but, in 
consequence of being the seat of the cutlery and edge- 




n general, the faciiittes for experiment tnit 
<n the Epot bave enabled the Sheffield iteel 
ur|>aE8 &I1 others in the perfection to which 
they have carried this important brwch of our national 
industry. It is indeed a reinarksble fact, that thin very 
town, which was formerly indebted to Siytia for the 
Bteel u^ in its minufaciureE, now exports a material of 
itB OTn conversion to the Austrian forges, and other 
l^cea on tlie continent of Europe. 

Iron, previous to having undergone the proeesa of 
carbonisation, may rather he said to bum than melt on 
e:qiO£ure to intenee heat. When, however, it has been 
converted into steel, ita fusibility at a proper temperature 
becomes comparatively easy. For this purpose, the 
blielered bars are brolien into small pieces and put into 
s balTel-shsped cmcible of Stourbridge clay, capable of 
holding from thirty to forty pounds of meial. Thta pot 
is then placed, with ttie assistance of a pair of tongs, in 
a draught furnace. These furnaces, of which six or 
eight are generally couBtructed in a row, and the aper- 
tures or mouths of which are level with the floor, are 
twelve or sixteen inches square, and from two to three 
Teet deep. At the bottom of tlie furnaces are grates, the 
lir draughts and ash-holes of which are in ihe cellar ; 
while the outlets for the dame or emoke are on one side 
near the top, where they immediately open into one 

a and wide chimney. 
Ik-.The orneible being inserted in the fire, which is fed 
^h the hardest bright coke or cinders, it is covered 
"a cake of fire-proof clay, and completely imbedded 
K the fad ; after which a lid of fire-bricks fastened in 
n frame is placed over the furnace to increase the 
Utgbt, until a sutficjent intensity of h^at hag been 
o melt the metal. Generally in about four 
I the liquefaction of the mass is complete : the 
a then removed, and other preparations 
B made for pouring the metal into cast-iron moulds. 
' litis is a process which exposes the melier lo an ex- 
n&iely high temperature ; indeed, the eyes and the 
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band* ihal are daily conversant with molten steel w 
hardly sbrink at the mention of a Umpersture suffi 
to broil a beefsteak ! Previously to drawing the 
cible, the workman, whose body, aims, and legs an 
fenjed by Racking wrappers, goes to a water-trough, . 
thorotighly woislens his outer covering that his 
may not get a-fiame while he is bending over tbe mc 
of the " burning, fiery furnace." Thus prepared, i 
a pair of strong tongs lie withdraws the pot from 
fire, takes off the lid, and pours the metal into tilt 
mould. The ingot tima formed ia either a bar abnit 
two inches square for tilting, or a plate six inches broad, 
twelve to eighteen inches long, and an inch thick, ft* 
rolling, as the same may be wanted to be wrought ' 
its ultimate form by the hammer or the shears, 
may perhaps be thought that this fluxing and pmuiiig 
of the metal requires no very great skill in the mauag^ 
ment ; it is, however, a fact, that so much depends npKI 
the moat exact attention to a number of minute puti* 
colars, only to be attained by a rare union of jttdgawnt 
and experience, that a person who thoroughly under- 
stands the business is invaluable as a workman, and bSt 
earnings are accordingly^ greaL Honourable instanM 
are not wanting of these melters having become petsons 
of property. The importance of their avocation is in" 
deed much greater than may generally be imagioedf 
even when the best irons are used: not only doe 
perfection of innumerable exquisite cutting instnu 
depend almost entirely upon the quality of the metd> 
hut much of the glory of the fine arts. The steel plaletf 
which, by a wonderful triumph of skill, the engtarer 
has appropriated, the burin of Heath, and the chlael rf 
Chantrey, respectively owe their excellence to a judicIoM 
management of the crucible by the Sheffield east-eied' 
raelter. 

Nearly every kind of sleel requires a particular do- 
gree of heat ta impart lo it the greatest hsrdneea ol 
which it is susceptible. If healed, and suddenly « ^ " 
below that degree, it becomes ,» 
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beyond that degree, it becomes very hard^ though 
brittle, and its brittleness is an indication of the degree 
of its heat when cooled off. These are the reasons why, 
in hardening steel, we generally over-heat, and then 
temper it. Steel loses carbon when over-heated ; there- 
fore^ in hardening it, the utmost attention must be paid 
to every stage of the process, if we desire to preserve 
its quality. The higher the heat at which it was manu- 
factured, the greater the degree of heat it will bear in 
hardening and welding. For this reason, cast-steel 
will not bear so high a heat as other steel. German 
steel is produced by a higher heat than blistered steel, 
and the latter by a higher heat than cast- steel. 

The quantity of carbon necessary to render iron 
steely, is in a measure dependent on the purity of the 
metid itself, as, when it contains a small proportion of 
sulphur or phosphorus, it is rendered much more hard 
and brittle by a given amount of carbon, than when the 
same proportion is combined with a purer description of 
metal. Shear steel of the best quality contains from 
1 to 1*5 per cent, of carbon. When steel contains a 
more considerable amount of this substance, it becomes 
harder, less tenacious, and more difficult to weld ; and 
when the quantity of carbon present exceeds 1*75 in 
180 parts, it no longer admits of being welded at any 
temperature. The following is the composition of 
several varieties of steel : — 
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English 
Cast-Steel. 


lUtor 
Steel. 


Siegen 
Steel. 


Styrian 
Steel. 


Iron 


97-94 


93-80 


97*88 


98'06 


Carbon - 


1-72 


1-43 


1-70 


1-94 


Sulphur - 
Silicon - 


0-22 


I'OO 
052 


trace 
0-04 


trace 
trace 


Copper - 
Arsenic - 


0-07 
0-07 


0-93 


0-S8 


trace 


Manganese 
Antimony 


0-02 


1-92 
0-12 







Tbe ulmixtures depend, or caarse, upon the ciautj 
tion of the ore. Russian iron ore, for example, I 
queotl; conuins sulpliur, Hlleic, titanic acid, and copper, 
Tbe Dannemora ore contains aome maQganeae, copper, 
sulphur, silei. and oft^n a Email amount of lime and 
dtj, Engiith cast-iron is found to contain, beeidn 
carbon — mangaoeee, cobalt, chromium, calcium, eculiuo, 
potasaimn, sulphur, and phosphorus- 

Tilting and Railing. 

Sheet Eteel for the manufactuie of saws, and fo 
liotia other purposes, as well as steel in the state of ban, 
is flatted or elongaled by being repeatedly passed v' 
red-hot between large metal rolle re, either plain orgroovefl, 
■nd driven by water or steam power. These rollers 
differ in no respect from those generally employed in i' 
ceductton of rod and plate iron. They are in both eg 
usually made of caat-iron chilled on the ontsiile to malie 
them hard, and afterwardB turned in an engme with great 
labour to make them true and smooth. As it is often 
required during the reduction of a bar of la^e dinen- 
aiona to a small size, whether round or fiat, that the- 
uppermost roller shall be allowed a considerable d _ 
of play or freedom, in order tliat it may rise from ihe 
lower one to a sufficient height, its connection with die 
moving power (which is now generally communical 
the opposite end to that at nhich it is given to tbe lower 
Ttdler) ia maintaineil by a coupling bar and boxes. This 
contrivanoe, which is well known unong millwrighta, 
consists of a solid piece of iron, a (Jig. 77-}] b'ving 
throughout its length, at equal distances, three deep 
•cmicircular grooves, similar in all respects to « '" 
number of grooves of the same depth, on tbe teno 
pr{geetiiig aiis of the roller ; ft is an oblong cylindrica] 
boi of iron, cast wiih three channels insitie, exactly ai 
sweriag to the outside siie and form of tbe bar and at 
.. . .... — ^ ^ these boxes are placed. 



le upon the prtfjeming part at the roller and tbe oilier 
1 &e uds of the conDGcting cog-wheel, wiih the 



I tDiTHpoDdingbarbeCwmii ibem, instead of fitting [ightl;r 

I into each other they pUj loosely together, so that when 

Ibt upper roller rises considerably, t^e bar and boxes 

tiiB with it at that end ; and although aometimes thrown 

Iptoddealout of the horizontal line, they still effiei en tl;r 

Blintiin the connection between the upper and loner 

WlierB, by means of the cc^-w heels at the extremity. 

To counteract the jolting nhicli tukes place by the 

I Kling of the upper roller against (he ribs or the surface 

of (he lower one, when a thick bar has just passed through, 

1 coiled steel spring has been inserted in a cavity of ihe 

cut-iron puppets, and which, by bearing up a metal 

CoDar upon which the axis of the roller rests, prevents 

it noisy and injurious collision which must other- 

B take place. As a proof of the utility of the he- 

1 spring just mentioned, we were shown by the 

u workman who applied it in the extensive works 

e Messrs. Sanderson, a pair of roliers about three 

'n length, and divided into eighteen or twenty semi- 

ir grooves, diminishing from two and three quarters 

e eighths of an inch in diameter at the section, and 

ently with but narrow intervals or prominences, 

g ^^ainst one another, which rollers had been in 

it use upwards of six years without having sus- 

'le least injury, or even being reduced more than 

e sixteenth of an inch in diameter. 

■s well as iron, is passed between the rollers, 

r as bars or sheets, while at a red heat. It is 

t into this slate by being placed on a bed of 

g cokes in a brick oven or sir furnace, the fire of 

• Bupplied with coals by a door at the further 



270 IBON AND STEEL MANUFACTURE. OBAP. Xm* 



I 



end^ by which meanR^ as the chimney is in fronts and s 
low wall across the middle^ the blaze is made to pass rathfi^ 
over than upon the steel in progress of being heated ; the 
fuel being advanced towards the front of the oven, as the 
bituminous grossness is sufficiently thrown off in flame 
and smoke. When the bar is glowing hot it is drawn 
forth with tongs, the workmen tossing it in this state 
from one to another, catching and manipulating it under 
the rollers with amazing dexterity. During the operation 
of rolling, large flakes, sometimes the size of one's hand, 
fall abundantly from the surface of the metal. This 
profuse oxydation takes place in the working of iron or 
steel in a state of ignition, whether by the rollers or the 
hammer : in making shear steel, it sometimes amounts 
to a wastage of one sixth of the original weight. 

It may be observed, that the more steel is rolled, and 
especially the greater degree of pressure that is laid upon 
it as it becomes cooled, in the same ratio does it approxi- 
mate in closeness of texture and practical value to that 
which has been drawn out under the hammer; the 
latter, indeed, being often worked with considerably less 
of uniformity both in the heating, the beating, and the 
extending, than the former. In order to get the bars 
to the exact size required, the workman has a gauge 
which he applies to measure the width and thickness of 
bars, and the strength of plates ; and such is the nicety 
of perception acquired by an eye daily conversant with 
such matters, that he rarely fails to hit the required size 
with the utmost precision. More than one patent has 
been obtained for methods of rolling steel for coach and 
carriage springs : that of Mr. Thompson, a metropolitan 
steel-maker, was for the fabrication of taper bars, wedge 
or double-wedge plates of steel, by means of rollers in- 
stead of hammering. His plan consisted in having the 
periphery of the operating cylinder so elevated, and 
lowered at given distances, as to reduce the metal at the 
ends, and leave it thicker in the middle of the lengdis, 
according to circumstances. 
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All Steely whether cast or shear^ which is to he used 
for the hest articles^ should be tilted to the strength 
required^ by working it under a large hammer put in 
motion by machinery^ and wliich gives about 300 strokes 
per minute. 

The annexed figure (^fig. 78.) is the plan of a tilt^ re- 
duced from the working drawing of a millwright: it 
exhibits three hammers^ the two shorter for cast steely and 
&e middle or longer one for German steel ; the helves 
are stout ash, hooped with iron in the same manner as 
the forge hammer. Instead^ however^ of being lifted by 
arms or cams near the head^ as the forge hammer is^ 
they are raised by the striking upon the tail of the helve 
of what are called tappits or cogs of iron, placed on the 
circumference of a ponderous box of wood or cast iron^ 
levolving on the tilt shafts and the motion of which 
h equalised by carrying a fly-wheel^ additional to the 
fly-wheel on the crank axle connected with the moving 
power^ steam^ in this instance. Instead of an elastic 
labbet or spring pole to give a rebound to the hammer^ 
as in the forge^ there is placed exactly under the tail of 
the tilt hammer shafts a cast iron anvil in an immense 
block of woodj the latter buried almost to the ground 
le?el. As the wheel shaft revolves, the tappits succes- 
sively strike the hammer tail, which, as the head rises, 
comes smartly in contact with the iron block, producing 
a sudden rebound ; so that the strokes are not only re- 
peated with the rapidity already mentioned, but so that 
the hammer face shall have done execution upon the 
heated bar before each succeeding tappit begins to operate. 
The whole fabric of the machinery is constructed in 
the most substantial manner, and its foundations buried 
deep in the ground. The anvils under ihe hammer 
head are set in large blocks of cast iron, solidly sup- 
ported ; and the cheeks, in which the hammer trunions 
nr pivots work, are either of cast iron or massy oak, 
ad formed downwards somewhat after the manner of 
hie king-posts on a roof beam, and sunk six or eight 




feet amiilst sCron); imraonr; in the earth. In the e 
graving, A is the Ebaft, upon which are the tappit whe 
B C D, and the fly wheel E ; its motion is derived fti 
a cog^connection with tlicBxle F, wbii^h likewise an 
a fly wheel, and contatnB the crank of the prime mov 
G H I are the hammers ; K L M the anvil btockg ; a 
the tops of the pivot-bearers arc indicated between 
andO. 

The file ia urged by blowing apparatus attached 
some part of the machinery. 

During the operation of hammering, so important i 
closing the pores of the slecl, and thus rendering 
exquisitely dense and compact, the filter aits oi 
reaching nearly to the ground, and suspended from tj 
roof of the building: by this contrivance, and by paddling. 
with his feet, he advances to and recedes &om the an*i]j , 
upon which lie manages the Iron under the hammer wi^ 
singular desterity. 

Ae might be expected in a material of such uaiversd 
demand as steel, an nrticle the quality of which coDa 
stitutes almost the sole criterion of value, not oldj ban 
patents been obtained for various deviations from t" 
usual routine of manufacture, but most of the oemente 



f nehtTS affect more or leas mystery in tlieir raetlKHU 
Daductiiig the respective proceiiei. Hence the pro- 
' ' e noids, " No admittance but on business," are 
hrdly interposed between the indiscriminate admission 
angers atui the rooms where these important metal- 
k operatiotis are carried on. 

tensiTe and celebrated works in the world 
fctonterting, casting, and preparing steel by lilting, 
re those of the brothers Sanderson at 
Add. To these inlereatiag works, tlie writer of thii 
a making the proper application, wu allowed 
Knoit prompt and free access, and this too nnder cir- 
B which might well have justified a refusal on 
't of the proprietors, had they been influenced bj 
n or lew indepndetit spirit. One of these 
L, who kindly accompanied the visitor through 
'iie worka, made a remark which deserves to Ik noted, 
not less for its candour than for its truth. To the' 
observatjon that some persons affected secrecy in their 
operations, it was replied, " The great secret is to have 
the courage to be honest — a spirit to purchase the beat 
material, and the means and disposition to do justice to 
it in the manufacttire." 

How important it is that the purchasers of an article 
of Btich prime importance in commerce and the arts 
Rhould have confidence in the dealer, where they cai. 
have but so few means of judging for tliemselves, must 
be sufficiently appareTit from the following considerations: 
— Unlike roost other commodities, steel presents but 
very slender criteria by which to judge of its quality, 
and the best judges are therefore not unfrequently de- 
ceived. To distinguish between hard and kind steel, 
that is, between steel that has been more or less car- 
bonated, requires no talent, and but little experience: 
but if the iron mark which denotes its quality be defaced 
or wanting, the most experienced eonverltT would find 
it extremely diSicult and hazardous lo pronotuicc on its 
,ca{>abilities. 

The difficulty is still greater with those who know 
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lefs of steel manuiacRjres ; and if manuracniren i 
selves are not influenced by the most enlightened pt 
llie; may, and but tou frequently do, impose upon 
iliatsnt purchaser in a manner as disgraceful to the 
party aa h is vexatious and injurious to the other, 
often the consumer of steel is not only deceived and i 
appointed in having purchaser! an article which il ntt 
worlhJesE, but he perhaps docs not discover the fi 
till it has involved him in extensive and serioua la* 
and floinctimes he makes tlie diseovery in an impi 
reputation as a manufacturer. Even when he esa 
ihe last evil, he is sometimes grievously injured by I 
want of honesty in the party with whom he deals. S~ 
is not unfrequendy moulded into articles requiring p 
sldll and labour, and defects are seldom discorwed 
the processes of manufacture arc in part gone thr 
and, therefore, not soon enough Co prevent a seriou: 
By receiving a counterfeit coin, the man of prind[Ji 
ticfrauded of a sum equal to the nominal value of K 
coin, and no more ; but there are cases where an In 
vidual, by purchasing spurious steel to the ammmt 
half-a-crown, incurs a loss of 201, and upwards. 

But the inconvenience and loss sttending bad stedi 
not confined to the consumer of the raw material — '■ 
ultimate purchaser of the article into which it has bi 
wrought is a suSbrer. Should the reader happen to 
a traveller, he need not be reminded (unless he hare bl 
more forltmale than moat travellers) of the mi* 
attending a case of bad ra/ors, under circumatancei i 
might render it impassible to help himself to betterv 
obtain assistance from others. The poor m 
artisan could tell of cruel disappointment aui 
the saw or the axe, tlie chisel or the file, purchased i 
of an abridgment of daily comforts, has proved good 
nothing — and worse, for it has not only robbed h' 
past enjoyments, but becomes an impediment to hit 
toil. 

While on this subject, it may not he amiss to i 
an error into which B majority of hardware manufactni 



il which is largely prejudicial to this branch of 
Irnadanal industry. The test required by these per- 
nt Is not, that the instrument, when flnishal, shall 
P'perfcuui to the satisfaction of tlie final purcliaeer, but 
k'llilt it fail not while passing through the various stages 
if fforkmanship. Now, it may happen, in a few rare 
aneeG, that the manufacturinj; process may be severer 
f lo which the article will afterwards be suttjecied, 
B worthy of remark, that in such cases no corn- 
are heard of bad steel. 
[ In a vast majority of cases, however, this process is 
pfdler so severe as the test which (he article undergoes 
b &e udng of it, not is it at all analoi^ous. The writer 
I opportunity of ascertaining that cast sted, 
e from inferior blister steel, wouhl, if not too much 
ited, mould into a razor blade, wliich might he 
mud and polished to the satisfaction of the manufac- 
; but when the said razor came to be applied to 
e beard, it worlied well two or three times, and theu 
" s altogetlier ; while a razor made from (l) 
It ateel, thoagh no better to the eye, proved all but 
'oitely superior to it. 
|| ThiB error is still more palpable and injurious in llie 
■ntifacture of steel springs for carriagcx. As coach- 
ings frequently break, and in tbe breaking always 
' enilanger and often destroy human life, it is surely of 
the Srst importance that they should be made of the very 
best material which the ingenuity of man can discover. 
So far, however, from tliis being the case, the very worst 
steel that is made is wrought into coach-springs. Hence 
I thefrequent and fatal accidents that occur, and all because 
the process of spring-making is simple, and requires not 
goo<l steel for the purpose. 

It is not intended for a moment to be meant by these 
remarks, that there is not a great difference between 
good and bad steel in the working ; such an inference 
would be equally opposed to philosophy and fact ; the 
difference is indeed well known to every workman. But 
it is no leas correct that there are many degrees of 
T 2 
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excellence in good ateel, not at all distinguishable At ill 
hearth, in the grinding wheel, or upon the whetstoiw. 

A good deal has been said, on both udes of the qi 
tion, as to whether or not this eountry acts with soon 
policy in allowing the- exportation of unmanufacmri 
steel. Persona who take the negative side must sunnil 
either thatGreatBritain alone can conveniently obtain iB 
convert tile best foreign irons, or that, whoever mafgj 
the raw material, she ciin always command the marin 
agunst the worW for the sale of her finished edge toob 
botli of these assumptions are, in fact, erroneous — iti 
unnecessary to say to what extent. If, therefore, Othl 
countries are content 10 employ us to make ated fl 
them, and if the connection, certainly not indispcossli 
with Mther, is, nevertheless, equally advantageons ( 
both parties, the less that a flourishing trade is inlerfeil 
with the better. 

It is certainly doubtful whether, if the legislature wei 
to prohibit or embarrass tlie exportation of sted, tl 
vigilance of public ofEcers would at all keep pace vi 
the dexterity of the adventurous merchant- In I 
likelihood it would not. At all eventii, it would I 
something worse than ungracious to interfere with d 
exportation of an article, which other countries iDj 
import as well as ourselves, and which we only, aa 
were, advance one stage towards its ultimate mannfa 
ture after receiving it from abroad. It is true there W 
at present some difficulties in the way of the mann: 
□f steel in those countries to which it is mainly exportei 
but those difficulties are not insuperable; and there a 
be no doubt but that, if our steel were withheld, ti 
parties whom we now supply would soon prepare it ( 
themselves. 

It would not be easy to state precisely what ijuantit 
of steel has been exported in past years from all tl 
ports of Great Britain, nor is this necessary, in order I 
show the impwtBlce of a trade by which the value of 

.... _ .v_ .^ I d M in the article of ate 
ttlHHiderfally perfect pit 




r refinerieB. In the year 1830, about .WO 

it of Bteel, British anil foreJgD, neresbipped in the port 

[London; but liow tnM a propartion thnl quatility 

t to the whole amount converteil for foreign con- 

biption may be inferred from the factj that one hou»e, 

ing the same year, exported cn America nearly twice 

It weight. The industry called into exerciee and the 

il kept afloat by this single branch of our national 

e will readily he suppased to he far from email. 

■ already intimated, there is one way in which our 

[ le manufacturers may counteract any evils that may 

pitually arise from the exportation of this invaluable 

' inodity ; let them use only the best steel themselves, 

d then there would not only be but little left for the 

D purchaser, but the comparison between our ex- 

1 warej and those of the rival manufacturer h ould 

n a very different ratio from what we too often And 

It present. It is a lamentable fact in many re8i>ec(s, 

t the export trade in the best steel has rapidly in- 

(I since our own makers of hardware goods have 

;o eager to substitute low-priced for superior steel 

ironi ; for it is well known that, in this as in other 

bnuiches of commerce, flnisheil goods of inferior quality 

form the bulk of our exports, while the foreign manu- 

bctory is supphed with raw materials of the highest 

intrinsic value. As nn iilustration of this point it hast 

been said, that there is probably ten times as much Hoop 

L sent to America as is consumed in this country, 

though the amount of steel used at home is at least 

fifty times greater than the amount sent to the United 

Suies. 

The exportation of steel to America has steadily in- 
creased, and the demand for cudery, &c. as regularly 
I i^lintvl; and at the present moment (IS53) the con- 
j furnaces of Sheffield are insufficient to supply 
n markets. 




Bbbiiies the Tarious processes that have been adapta 
oalensiblf with the ilesign of improving the qualit)' V 
pure Eteel, an nltnost «qual number of attempts htti 
been made in alloy it with other tubslances, wiihwhidi) 
really or in pretence, it has been found chemicalljr 
combine. These projeda have given rise to a variety 
specious appellations, at the best harmless, when ap^jje 
to mere auperitirity in the article professedly mat 
factured from factitious steel, the real excdknee 
which, if it have any, the common refiner knows ni' 
depend entirely upon hU old-fashioned operations ri 
fully performed. Two eminent chemists make 8 
publish a seiiea of experimentH, by which it is 
strated, tliat a small portion of various of the precioi 
metals might be mixed, by fusion, with the subslan< 
of steel ; the idea of turning the discovery to practio 
account is promptly caught ; and gilveriteel, haviog tl 
advantage of euphony and novelty, becomes a popnlR 
denomiiiatian in the market. But as there is som 
chance of this manufacture being considered as neip 
fangled, and diversity and competition being the bodi 
and spirit of business, another projector turns him U 
antiquity: every one inteiested in cutlery having ' 
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■Ae fRtnous oriental sabres ttiat, while they bent like 
, were of so stem s temi>er that they would 
n cut through ordinary iroci*; so, with tolerably 
e at lenat, we are greeted with the announce- 
^1 of Dnmoipu* *(«J. Silver, however, is an iii- 
.t within the reach of every manufactuier who 
. to put it into his melting pot; and Damaaeus 
a somewhat ei^uivocal epithet, at best applying 
rarner to a mode tlian a material of sleel-maltiiig ; a 
third party procures from abroad a few lumps of the 
celebrated Indian viooix, a aubsUnce which not many 
persons have seen, and still fewer thoroughly under- 
stand, and under iheae auspices comes forth Peruvian 
tteel. Each of these materials may be of acknowledgeil 
gootlness and celebrity ; but at all events they must 
lUke be content with the common credit of an enrlhly 
origin : not so, however, with those ferruginous masses 
which have, at different times, fallen from the clouds. 
Poetry and policy unite to favour the notion that iron 
(melted in ether, and hardened in the north wind, must 
needs, lilse Homer's horses begotten of the latter agent, 
be of excellent temper ; accordingly, meteoric gteel has 
been among the discoveries which have claimed the ap- 
probation of the public. We have taken the liberty to 
introduce, thus playfully, four denominations of factitious 
steel, whicli, when recommended as superior to pure 
Bteel, for fine cutlery in general, deserve to be treated in 
no graver style : as connected, however, with metallurgic 
phenomena, the processes developing those peculiarities 
of elementary chemical combination, or mechanical 
structure, upon which the obvious characteristics of the 
above named steels are assumed to depend, are far from 
being um'nteresting to the experimentalist. 

Attempts tu combine iron with silver have at various 
times been made. The experiments of a French chemist, 
M. Guyton, as published in the Annales de Chimie, 
were deemed so satisfactory to the operator, that he con- 
clude* his detail in these terms ; " Thus the 
here alloyed with the silver even in greater 



ter quantity 

. i 
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than the silver with the iron. Iron can, therefore, ni 
longer be said to refuse to mix with silver ; it must, og 
the contrary, be acknowledged thsC those two metiil 
brought into perfect fusion, contract an actual cheimea 
union ; that, whilst cooling, the heaTiest, and, at lb 
same time, the most fusible metal, separates for the 
greatest part ; that notwithstanding each of the t 
metals retains a portion of ihe other, as is the case 
^.'«ry liquation ; that the part which remains is i 
Nroply mixed or interlaid, but cliemically united; lastly, 
that the alloy in ihese proportions possesses peculiar 
properties, particularly a dep'ee of hardness that iniy 
render it extremely useful for various purposes." 

A few years ago Messrs. Slodart and Faraday maile a 
series of experiments on the alloys of iron and sted at 
(he laboratory of the Royal Institution, the results &f 
whtcli were subsequently published in the Journal of' 
Arts and Sciences. From the account referred to it" 
appears, that not only silver, but platiiium, rhodium, 
gold, nickel, copper, and even tin, have an affinity for 
sleel sufficiently strong to make them combine chemicaHi/ 
according to tlie import of this notice, though only «!«- 
Kbanicallg in the opinion of some persons. Widi re* 
specl to the alloy of silver, there are, according to the 
teatimony of the experimenlalists mentioned above,' 
some very curious circumstances attending it. If sted' 
and silver be kept in fusion together for a length of 
time, an alloy is obtained, whicli appears to be nvf 
perfect while llie metals are in a fluid state ; 1 
solidifying and cooling, globules of pure silver a 
pressed from the mass, and appear on the surface <rf dlv 
button. If an alloy of this kind be forged into a bu,. 
and then dissected by the action of dilute sulphuric add/ 
the silver appears, not in combination with the sted,: 
bat in threads throughout the mass, so that the w" 
has the appearance of a bundle of fibres of Eilvei and 
Sleel. as if they had been united by welding. The apB 
pearance of these silver fibres is very beautifiil ; they 
le eighth of an inch in length, and si 
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gest the idea of giving mechanical toughness to stoel, 
wliere a very perfeet edge may not be required. 
■ At other times, when silver and steel have been very 
Icmg in a state of perfect fusion^ the sides of the crucible^ 
and frequently the top also^ are covered with a fine and 
bemutiful dew of minute globules of silver ; this effect 
can be produced at pleasure. At first the operators 
were unsuccessful in detectings by means of chemical 
tests, the presence of silver in the metallic button ; and 
considering the steel to be uniformly improved, they 
were disposed to attribute its excellence to the effect of 
the silver^ or to a quantity too small to be tested. By 
subsequent experiments, however, they were able to de« 
tect the silver, even to less than one part in five hundred. 
" In making the silver alloys, the proportion first 
tried was 1 silver to l60 steel ; the resulting buttons 
were uniformly steel and silver in fibres, the silver being 
likewise given out in globules during solidifying, and 
adhering to the surface of the fused button ; some of 
these, when forged, gave out more globules of silver. 
In this state of mechanical mixture the little bars, when 
iexposed to a moist atmosphere, evidently produced vol- 
taic action ; and to this we are disposed to attribute the 
rapid destruction of the metal by oxydation; no such 
destructive action taking place when the two metals are 
chemically combined. These results indicated the ne* 
cessity of diminishing the quantity of silver, and 1 silver 
to 200 steel was tried. Here, again, were fibres and 
globules in abundance; with 1 to 300 the fibres di- 
minished, but still were present; they were detected 
even when the proportion of 1 to 400 was used. The 
successful experiment remains to be named. When 
1 of sOver to 500 steel were properly fused, a very 
perfect button was produced ; no silver appeared on its 
surface ; when forged and dissected by an acid, no fibres 
were seen, although examined by a high magnifying 
power. The specimen forged remarkably well, although 
very hard ; it had in every respect the most favourable 
appearance. By a delicate test every part of the bar 



gave silver. Tliia alloy is decideillj' Buperior 
very best steel ; and this excellence is unqueetioiuUf 
owing lo combioadon witli a minute portion of dlTer. 
It has been repeatedly made, and always with eqtol 
success. Various cutting tools have been made from it 
of tile best quality. This alloy is, perhaps, only in- 
ferior to that of steel with diodium ; and it may 
procured at a small expense : the value of silver, 
the proportion is so small, is not wortli naming; it 
probably be applied to many important purpoeea in 

The composition of the material formerly so c 
braled as the steel of Damascus has given rise to m 
investigationB, not merely on the point as to whellm 3 
was indebted for its appearance and elasticity to weldc 
lamina! of iron and steel, or to some chemical pecutiaii^ 
but likewise whether a large proportion of the nodan 
connected with its history and excellence may not haT 
been fabulous. The most general opinion has beeii_ 
that the variegated surface of oriental sabres remlti 
from their being composed of what the French eal 
etqffe, or mixed metal ; that is to say, a compound o 
bars or wires of steel, or of iron and steel, welded ant 
wrought together, and twisted in different directjoni 
In 1S33, the Repertory of Arts pubUshed the tranalK 
tion of a paper, giving the result of a series of e _ 
ments undertaken by M. Breant, examiner-general a 
the assays at the royal mint in Paris. The Freneh phi 
losopher comes to die conclusion, that, instead of a mm 
mixture of metals, the oriental damask is, in reahty, i 
cast steel, more charged with carbon than our Europew 
steels, and in which, by the effect of cooling, properli 
managed, a erystaUisation is produced of two cUstinc 
combinations of u-on and carbon. 

JM. Bryant premises that the law lUaeovcred by S 
ieUus, according to which bodies combine that haw 
any affinity for each other, explains, in a satisfactor 
manner, the property which characterises the steel o 
the orientals of becoming variegated at tlie surface 



I, after bdng polished, it is submitleii to [lie action 
ry weak add. " Let ua suppose," says the invesli- 
, "dial in the preparadoti of sled sulEdent carbon 
not entered, the steel formed will only be in propor- 
»thequanticy of combined carbon ; the rest will be 
D, only mixed. The cooling then taking place slowly, 
ore fusible particles of steel will tend to unite to- 
ri and separate themselvea from the portion of 
This alloy will therefore be capable of deve- 
; a damask ; but this damaak will be while, but 
^dy marked, and the metal will not he susceptible 
[Teat hardness, because it will be mixed with iron. 
' If the proportion of carbon be exactly sucli as it 
fat lobe, in order to convert the whole of the iron 
oateel, there will be only one iort of combination: hut 
llie carbon is a little in excess, the whole of the iron 
I be in the first place converted into sted. Afler- 
d the carbon remdning in the crucible will combine 
I new proportion with the part of the steel already 
necL There will, in this case, be two distinct com- 
nds, namely, pure sted sad carhurctted sted, or 
iron. These two compounds, at first mixed con- 
lly, will lend to separate when the licjuid matter 
ins at rest. A crystalliaaiion will then form, in 
h. the pardcles of the two compounds will arrange 
niKlves, according to their respective affinity or their 
Bcific gravity. 

" Let a blade made of die sted thus prepared be put 
into acidulated water, a very apparent damask will he de- 
veloped, in which the pure steel parts will be black, and 
those of carburetted sted will remain white, because the 
acidulated water does not so easily show the carbon of 
the carburetted steel. The carbon irregularly dispersed 
in the metal, and forming two distinct combinations, is 
n that which occasiona the damask ; and it is obvious. 
It the slower the cooling the larger the damask veins 
For this reason it is, perhaps, necessary to 
d melting very considerable masses, or rathra- it will 
Kquisite to make some modiflcation in the procew^J 
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In support of ihis opinion, I think I should quO** 
Tavernier, wiio, in his Travels in Persia, hu giren M*^ 
information which makes us ocqusJnted with tlie ate 
the lumpH of steel, which in his lime were employed ' 
milking the damask hlad^s : ' The steel susceptible ' 
being damasked,' says he, ' comps from the kingdom ' 
GolcondK. It ia met with in commerce in lumps ahv* 
the siie of a halfpenny cake. They are cut in two, ' 
oriler to see whether they ate of good quality or ntf 
and each half makes the blade of a sabre.' Froiu ib-^ 
account it is evident that the Golconda steel was f 
buttons, like wootx. Tavernier adds, that if, in th 
hardening of that steel, the methods of Europe wen 
followed, it would break like |i;lass. Hence it may bi 
inferred iliRi it is very difficult to forge, and so it w« 
obserTcd by Beaumur. 

" This philosopher having recdved from Cairo soum 
specimens of Indian steel, found nobody in Paris lASt 
to forge them. On this subject, lie declares that it mvut 
be the fault of our workmen, for the orientals BuceM 
in working this kind of sleel. As carbon has the piini^ 
cipal influence, not only upon the damask of the sted,-, 
but-also on ibs intrinsic qualities, it is to be feared d»l 
Messrs, Stodart and Faraday may have been led into 
error in tlieir labour, aa I have been myself for a long 
time, and that they may have attributed to metallic 
alloys eiFects more jiurtinitarly due to a greater propoF> 
tion of carbon. I am, however, very far from contest- 
ing the existence of metallic alloys in the oriental 
sabres, although in the few fragments that I have iMd 
occasion to analyse, I have found neitlier silver, goliL 
palladium, nor rhodium. It appears to me, nevertlie- 
less, very probable that various combinations may bava 
been attempted. 

" Plumbago has appeared to me in some circuniJ 
stances to soften the steel, which an excess of carbon 
would render too harsh ; at least, 1 have obtained eit* 
cellent reiulla with a hundred -partB of steel, one of 
smoke-black, and one of ptumbago. But a very remark^ * 
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fe experiment, in regard to the advanloge whicli may 

■ derived from it, in working' on a large scale, is, dial 

i handred. parts of soft iron and two of Emoke-black, 

ig eBsiI<f as common steel. It must be supposed 

le whole of the carbon docs not enter into com- 

m. Some of our best blades are the product of 

[g conbinatinn. It ig evident from this experiment 

it necessary, in order to obtain very good 

ed, to b^n the operation by cementing iron. The 

n may be treated immediately with lise smoke-blaek, 

I this would greatly diminish the expense of the 

anufacture. 

■' A hundred parts of tbe filings of very grey cast 

, and a hundred parts of similar tilings, previously 

^ydised, have produced a steel of a fine damask, and Gt 

'it the manufacture of bright arms. It is remarkable 

IT its elasticity, a valuable quality not possesseil by the 

JlndisD steel. The more carbon the slcel contains, the 

inoie diffictUt it ia to forge. Most of the specimens 

4hat I have prepared have not been drawn out but at a 

temperature, the limits of which are very confined. 

Heated to white-red they crumble under the hammer. 

At a cherry-red heat they Iwcotne hard and brittle, 

and that disposition increases in proportion to the fall in 

temperature, so that once arrived below cherry-red, if 

WE would remove a portion with a graver or file, they 

are found to be much harder and more brittle than after 

they are completely cooleil. 

" I am convinced by experience, tliat the orbicular 
veinB, called ronceg by die workmen, wliicli are seen on 
the fine oriental blades, are the result of the manner of 
forging. If we content ourselves with drawing the steel 
out lengthwise, the reins will be longitudinal. If we 
extend it equally in all direcdons, the damask has a 
iirystalline appearance. If we render it wavy in the 
two direcdons, there will be shades and gradations, as in 
Iw oriental damask. It will not require long trials to 
Ik bUc to produce any variegated design we desire." 
> In ltl4S, the " United Service Journal " contained an 
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artide, sUiing that an imiUdon of the celebrated " 
mucus bladen," said to be in no respect inferior to 
Eastern Driginala, had been fabricated in the domii 
of both Austri:! and Prussia ; and that profeasor ( 
velli, the inventor of that which had been adopts 
in the imperial army, had been liberal enough to gi^ 
publicity to the means by which thia formidable weapO^B 
might be manufactured. His detnlleil initnicdon» *{**'■ 
peared in a Email work^ published at Milan, and^eH'T 
titled, " Memoria aull' arte di Fabbricare le Sdabole •^1 
Damasco ; *' of which the following epitome, extnicterfj 
from the "Allgemeine MiUtar Zeitung," was given Si~ 
the periodical above named : — "A long, flat piece a 
malleable steel, of about one inch and a half in breadtl) 
and one eighth in thickness, is to be first bound v 
iron-wire, at intervals of one third of a 
iron and steel to be then incorporated by melting (wi 
ing), and repeated additions (10 to SO) of iron n 
made to the first portion, with which they must li 
firmlj amalgamated. This compound material is 
to be stretched and divided into shorter lengtba, ' 
which, by the usual process of melting (welding)t 
grinding, and tempering, any wished-for form may be ' i 
given. By filing semicircular grooves into both eidet 
of the blade, and again subjecting it to the iiaromer, i 
beautiful roset-shaped Damascus is obtained ; the m 
rial can also be made to assume any other form. 
infusion by which the figures are made visible it 
usual one of a<juafortiB and vinegar. The succes 
this method, and the excellence of the blades whid) 
have been constructed according to these directionlp{ 
have by various trials been placed beyond ail doabC 
Professor Crevelli has had several sabre blades prfr 
pared under his own instruction at Milan ; similar ex4 
periments have, by the emperor's commands, been n 
at the polytechnical institution at Vienna ; and, finally^ 
the wiir-olEce has empowered Daniel Fischnr, manuftv 
turer of arms in that capital, to proceed with the fabn 
cation on s large scale. These blades, which, i " 
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^de in large quantities are but little dearer than t! 
ill commoQ use, have been subniitted to the severest 
Ints ; among which may lie mentioned, cutting off hob~ 
mile, which had been placed in great numbers behind 
eadi other ; cuts upon a strong iron plate, and many 
&ldg of cloth ; horizontal blows ujx>n a wooden table ; 
m finally, powerful bending on both !>i(ies. An idea 
of their extraordinary tenacity may be formed from the 
iact, iliac out of 210 blades that were examined by a 
miliiary commission, and each of which was requiied 
to hear three cuts against iron, and two against a flat 
Wooden table, not a single one snapped, or had its edge 
iodented. In Prussia this method of preparing sword- 
Uadea is stated to have been in practice several years, 
llld to have been attended with equal success; among 
Kho's, tlie manufactory of Schrackenberg, at Malapaue 
b Silesia, has been ilistingutshed for the excellence uf 
U imitattan Damascus sword-blades, which are neither 
n beauty nor durability inferior to those fabricated at 

The manuiicturea announced to be of PerHwnn or in- 
!m» »teel oslensibly assume as the base of tlieir fabric 
material known in commerce, under the designation of 
\eotas formerly manufactured at Bombay, and market- 
ble through the East as a metal si ' 
Fcuttiiig instruments of a superior 
letal the modus operandi lemains but 
nowD to European workmen. 

In the Philosophical Transuclions (vol. xvii.) may be 
Mind an essay by Dr. Pearson, detailing an elaborate 
eries of experiments and observations connected with 
Hie of the earliest scicntiiic investigations of the nature 
;>{ this substance. These enquiries were undertaken in 
ice of Dr, Scott, of Bombay, having commu- 
D the Boyal Society specimens of wootz; and 
a letter, in which the material is described as 
|teel held jii high estimation among the In- 
1^ Scott, in requesting that an enquiry might 
the nature and properties 



uitetl to theproductior 
ir quahty, but of which 



slancea trail ^mi It eil to the society, mentioned M ' 
president some of its peculiarities and use 
others, he stated that woatz " admits of a h: 
per than any thing known in that part of India ; I 
it is employeil for covering that pari of gim-Iod:a rfT 
the flint strikes ; that it is used for cutting iron III 
lathe ; for cutting stones ; for chisels ; for mdi 
files ; for saws ; and for every purpose where at* 
sive hardness is necessary." Dr. Scott proceeds. "T 
Bubstajice cannot bear any tiling beyond a very il^ 
red heat, which makes it work very tediously in | 
hands of smidis ; while it has a still Breater ioe"' 
vcnienc« or defect, that of not being capable of be 
welded with iron or eteel ; to which, therefore,' it"! 
only joined by screws and other conirivaaees." 1 
also observes, that " when wootz is heated above a dl 
red heat, part of the mass seems to run, and the rtl 
is lost, as if it consisted of metals of [llfFerent d^ittto 
fusibility." According to the doctor's testimony, '' 
working with wootz is so difficult that it is a sep 
art from that of forging iron ;" moreover, he ren 
" the magnetical power, in an imperfect degree, cmI* 
communicated to this substance." 

The specimens of wootz transmitted to the society b 
Dr. Scott resembled in their general appearance ™i 
character those which have latterly been exhilnled n 
England, and one of which is now before the wrilad 
this article. They were in the shape of round c«W 
of about five inches in diameter, and one inch in thidt" 
ness, each of which weighed upwards of two pooofc 
The cake had been cut almost through, so as to n(*l^ 
divide it into two equal parts. It was externally of 
didl black colour ; the surface smooth ; the ci 
also smooth, and, excepting a few pinny place* K 
small holes, the texture appeared to be uniibna. 
felt about as heavy as an equal bulk of ir 
was tasteless and inodo nms. N o in<lentatioiij| 
made upon its su]jU|f^^^^kHith a heavyX^ 
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perator would have fractured n jiiccr of our own 
teel. Fife was elicited on coUisioii with Hint. Althmigli 
he wooU was not quite refractory under tlie file, it was 
nuch harder than common or bar s!eel not jet haid- 
aneil, and than Huntsman's caat steel not yet hardened. 
It seemed to possess the hardness of some kind* of 
«Tude iron, but did nut effectUBll; radet the tile like 
iiighly tempered sleet, and many sorts of crude iron ; 
Sar though the teeth of the file were rapidly worn down 
and broken, the wootz was also reduced to die alate of 
Alinga, The filed surface wa« of b bright bluish colour, 
duning like hardened steel ; but some parti were 
bti^Ier ihsD others, indicating inequality of compod- 
tion; the more shining places seemed to be the bardtat 
^artG:hence, perhaps, the reason of the turfacebtinguil- 
eren and a litdc pinny. The wools filings were attracted 
by the magnet like common iron filings. 

A cake of this substance being broken in the part 
nearly cut through, the fracture exhibited the grajn and 
cokiurof rather open-grained steel, but it was no| iiearlj 
so open as the grain of a bar of cemented or blistered 
steel in general appeora. In the experiments alluded to, 
the apecifii^ gravity uf woota was found to be in a crude 
specimen 7'181 ; ditto forged, 7'647 ; ditto which had 
been melted, 7 '200. Atthe same time,die specific gravity 
of bar ateel fnna Oercgnud iron was 7'^13 ; of a bu 
of German steel, said to be direcdy from the ore, 7'2O0 
and of iluntsman's steel hammered, T'91''> Comtnon 
liammered iron was T'600, and a specimen of cast or 
britdeiron, which hail been re-melled, 7'012, 

On submitting the wools to the effects of fire, it was 
not until t))e substance was made red-hot that any con- 
■iderable impiession could be made upon it with a ham- 
mer ; nor could it be cut through with a chisel till it 
' a a pale red colour. It had then the pecu- 
iron ; and was stubbornly malleable, and 
e liable to be cracked and fractured by the 
nraon steel ; ot, as appeared, than even 
1 and thin pieces were suspected to be 



mafleable at lower degrees of fire, but very slowly, an 
not without great care and managnnetit. An ingeniou 
srtist, Mr. Siudart, forged a piece of nootz, at the dean 
of the pre^dent, for a penknife, at the temperature ■ 
ignition in the dark. It received the requisite 
as the operator statecl, " at the temperature of i50° 
Fahrenheit's Ecale." The edge was fine, an ' 
well as the beat steel knife. Notwithstanding the diffiq 
culty and labour in forging, Mr. Stodart was from ■ ' 
trial of opinion that wootz was superior for roany 
poees to any atecl commonly used in this country. 
thought it would carry a finer, stronger, and more 
rable edge and point ; on which accounts it migh 
jwrticulBrly valuable for lancets and other chirurgictd 



Although experience has shown that woolz may be 
manufactured with care by the usual processes into al- 
most all kinds of cutlery instruments, there does not yet 
exisl any evidence in favour of its superiority, or even 
eqoahty to the best cast steel. Modem workmm haTe 
verified most of the results given by Dr. Pearson, eqi&- 
cially that of a disposition to fracture which hu been 
largely manifested, when, as has generally been the case, 
diis material has been attempted to be forged u 
blades. The writer of this paragraph was favourcdS 
with a piece of the wooti by a gentleman who bad it 
from Bombay : it had aheaily been reduced into (bi 
state of a bar, and was considerably cracked across H 
short distances throughout its entire length. When pal 
into the hands of one of the most expert 
blade-forgers in the trade, he declared at once that 
hod been abused by over-heating, and, as if judging t 
the aapril de eorpt, said that " he thought the worl 
man, finding it hard stufi' to work, and bad into the ba 
giin, had spoiled it on purpose, that it might not fit 
its way into use!" Although admonished not to he 
it loo hot, the penknife-forger said he should like to 
heat it as he did hia steel, in a regular way. Thit he, 
did ; and although the wootz was not quite sound, 'tiA 
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id not work tiwly to a point, it stood mouliling with 
into a blade pretty Mrly an the whole. It 
B hardened and tempered iu (he regular way. The 
Ktnre of the bit from nhich it had been drawn resem- 
»l that of the best cast steel. The grinder said, that 
} away upon the stone mueli faster than steel ; 
lat it was not of a uniform degree of hardness 
jhout This latter opinion was corroborated by 
m bafier, who remarked that the tang could be fUed 
lae in some places than in others : he used- 
le uduiical term already quoted from Dr. Pearson, ob- 
ing, that it was pinny. It received a very high 
" , and when carefully whetted was found to cut 
1 quill very eatisfaciorily. It waa sent to Dr. 
not as being superior (o a cast-steel penknife, 
1 specimen of tlie quality and appearance of 
sots when wrought and polished with extraordinary 

I It IB thus evident that, with peculiar care and pa- 

Bice, pure woolz may be wrought on tlie anvil into 

'f more delicate kinds of cutlery : at the same time, its 

b^nlity being ascertained, and its general i^eement 

■ character with the specific qualities of iron and steel 

■nonstrated by the esperimenls of Dr. Pearson, ibe 

nibility of its entering (with whatever advantages) 

o the composidon of eteel while in a state of fusion 

inot be doubted ; though, according to the account 

« referred to, the chemical admixture of these bo- 

1, apparently so homogeneous, does not always lake 

e with facility. For, in one experiment, the inge- 

is operator saya, "Equal weights, namely, 500 grains 

TOO ti, steel wire, and grey pig iron were exposed, 

ir half an hour, in the same crucible, well covered, to 

t pretty considerable fire. On cooling, the pig iron 

8 found to have fused, but the other two slates of 

n had retained their form. The pyrometer was con- 

ar the 140th degree." 

I The method adopted at the present time, by thenatives 

W India, is, in all probability, from ill simple chaiacteTj 
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m beea iUi|i}ml &ch Ae aaiiDal without tig 
fi*K ^BB Ik pan tofftnag Ac bdr; the apettnna 
Ae k^ BE tied sp^ Md a Msde of buaboo u faEtea* 
» Ae opeaa^ temed bj- the nccL The orifice of ll 
Bd tacabtpsd, and i Cim.uJuI b; two Blips of bambooj 
Thftt are gn^cd in (he hand tai kept close tc^elliH 
in Bakiiig the stroke for tbe hlait: in the Tcinnuag 
BtTofce Ibe; are KpaNWd to admit the lir. By wotking 
a beBowa of lhi« kind, witheadi hand making altenutK 
evokes, a lolerablj unifonii hbat is prodQCed. Tin 
biraboo hoiiIm of the bellows ate inserted into tubea ni 
clay, which pass into the furnace ai the boilom c 
of the tempcrary wall in front. The ftimace is filled 
with ebarcop!, and a lighted coal being iatroduced befor6 
the noizkf, the nmsa in the interior is soon kindled^ 
Ab uon as ihis is accompllBhed, a small portion of tJ 
ore, previously moistened with water (o prevent it front 
running tbrouizh the charcoal, hot without any fltnC 
whatever, is laid on the top of the coals and coveted 
with charcoal to fill up the furnace. In this n 
ore and fuel are supplied, and the bellows are urged fat 
three or four hours. When the ptocesB is stopped >D(I 



b temporary wall in front broken down, ihe bloom is 
d with a pair of tongs from the bottom of the fur- 

n conTettting the iron into steel, the nativea cut it 

n jrieces, to enable it to pact the better in the crudble, 

Idi ia Tormed of refractory day, mixed with a large 

mtitf of charred husit of rice. It ia seldom charged 

e than a pound of iron, which is put in with 

T weight of dried wood (the Cagtia aurieulata) 

A small, and the mass is covered with a few drierl 

f the ConvolvvtHS laiirijhtiut, the proportions 

□ general ten parts of iron to one of wood and 

The mouth of the crucible is then stopped with 

idful of tempered clay, rammed in very closely to 

'b the air. As soon as the clay covers of the oru- 

ire dry, from twenty to twenty-four of them are 

p in the form of an arch in a small blast furnace ; 

'6 kept covered with charcoal to be subjected to 

'ged by blast for about three hours, when the pro- 

is considered to be complete. The crucibles being 

n oat of the furnace and allowed to cool are 

en, and the steel (wootz) is found in the form of a 

>, rounded by the bottom of the crucible. 

' e Repertory of Arts, vol, iii., there is an account 

t process for making meteor eteel, which is said to 

anble in its superficial substance the wavy appear- 

» of the best Damascus blades. Twenty-four parla 

:, four of purified nickel, and one of silver, are 

to a black-lead or other refractory crucible, the 

irface b«ng covered with charcoal powder, and the 

r Inted on, and tlie whole subjected (o the heat 

it is fused. AV^ben melled the mixture is to be 

red into cold water, so as to render it brittle, and 

« easy to pound into small pieces for use. 

preceding notices of the practicability of 
jducing and working alloys of steel, it will be obvious 
It we do not by any means doubt the possibility of 
o steel those qualities which are supposed to be 
dinted by the denominations before recited. And if 
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persons purchase fine cutlery articles under the idea that 
these terms are representative of some pecnliarity, the 
delusion will he harmless — perhaps adyantageous ; for 
if the lancets^ penknives, razors^ or scissors^ which are 
haptized hy certain high-sounding appellations^ happen 
to contain not in their composition a single particle of 
silver^ wootz^ or other foreign ingredient mixed with the 
steel, it is due to truth to observe, that the steel itself 
is generally of the purest quality, and manufactured with 
a degree of care and success conunensurate with the 
prices and reputation of the wares identified with such 
distinguishing epithets. 
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Whateteb ideas the chemist or the philoBopher may 
attach to the designation naCarat Heel, an English edge- 
tool maker would reluctantly admit that it meant any 
thing besides, or, at all events, any thing better than, cast 
iron. It ia certain, however, that some kinds of ore, by 
proper treatment, may be made to yield an inferior sort 
«f steel, without its passing through the intermediate 
condition of malleable iron. Some years since, the An- 
im/m (f I! CftimfO contained an article on the nature of ateel. 
particularly on that Epecies olitaineil directly from fused 
iron, which is termed natural steel. According to the 

of the article alluded to, it had been remarked for 

several years, that the steel of France, particularly that 

1 natural steel, would not bear competition 

■with that of other countries, and that the endeavours of 

learned Frenchmen had not succeeded in enabling native 

to produce uniformly steel equal in quality to that 
,ef Germany. In consequence of this difGculty, the writer 
MBtet that the celebrated manufactory of arms at IClin- 
'i^enthal mpplied that at Versailles with what were termed 
Dainascus blades ; for the contractors being unable to 
find good natural steel in France, were obliged to procure 
tbdrs from the founderies of Styria and Nassau- Liegen, 
where the spathic ores only are employed. Bergraann 
bad already asserted that manganese was contained in 

u 4 
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the white or Epadiic iron ores : and the author ot lb« cb* 
servscionB in the Annates de Chimie Elates, that, btvinft 
been enabled to make comparative analyBes of the gtoM* 
part of the iron orea of Trance, he found that (he g«o4 
quality of the natural Bte«l, independently of the oxboi 
and the known processes for rendering it homogeneoUf 
arose from its pusscssitig a certun quantity of man- 
ganese, which, in conjunction with the carbon, contli- 
tuted the hcst foreign steel ; whilst the French smelters 
indiscriniinBtely employed, in the manufacture of thdi 
steel, iron ore* which either do not contain this substance, 
or do not contain it in the requisite proportions. Hence 
all that uncertainty in the judgments that had be«n 
passed upon the uses of French sleel, and the disappconc- 
inenta which manufacturers had met with in the pro- 
[lerlies of their native s(c«l when compared with that of 
other countries. 

Having stated that (he varieties of spathic ores which 
exist as well in France as in Germany contain from four 
10 fax and a half per cent, of met^c manganese, the' 
author proceeds : — " Though 1 am well persuaded that 
the natuTal steel of Germany owes its superior qualitjes 
entirely to the spathic ores of iron, which are used in 
preference for its manufacture, and to the manganese 
which it contains in the requisite proportion, I think 
it necessary to adduce in support of this opinion a fact 
which had not been observed; namely, that in the Ger- 
man founderies, and especially in those situated iu tie 
territory of Nassau- Liegan, where very good natural 
steel is manufactured witliout difficulty, and where they 
have in the neigh bourhooil mines of manganese, they 
substitute the black oxide of manganese as a flux, when 
the spathic ores and the fused metal employed for maan- 
facturing the steel do not contain a sufficient quantity of 
this suiwtance." 

From the whole of his experiments and enquiries, 
he deduces the following conclusions: — 

Isl, The fused native iron, in order to produce uni- 
fornily iiiiiurul nU'e] i'(juul in quality to that of Germany, 



onght lo be obtained in preference from carbonatN of 
iron which contain ihe largest proportion of manganese, 
and this metal duglit to be conlainetl in the lased iron 
intended, to be manufactured into aieel in the proportion 
of four and a half to (ire per cent. 

£d. In good natural ateel the manganese ought to 

exist in a proportion twice as large as that of the carbon. 

3d, Steel in general, and particularly natural steel, is 

GRsentiallv an alloy of iron and manganese combined with 

carbon, and this alloy ia the natural ateel of Germany, 

moat commonly in the following proportions : vi*. — 

Iron ... 97-84 

Manganese - • - 3-16 

Cartwn - - - 1-00 



This kind of ateel, formerly c< 
is now scarcely known even by name to our manufac- 
turers. There is, however, one large matiufactory of 
cast-iron in combinaiion with manganese, the ateel from 
which ia said to be of very superior quality. 

In 1800, Mr. Mushet, a gentleman of Gla^ow, to 
whom the iron trade is considerably inilebled for various 
experiments in practical metallurgy, obtained a patent 
for the fusion of malleable iron, or of iron ore, in such a 
manner aa immediately to convert them into cast steel, 
anil at Ihe same time to give it malleability and the pro- 
perty of welding. This object he proposed to obtiin by 
putting into a crucible a convenient quantity of malleable 
iron in bars or scraps, and along therewith a proper pro- 
ponion of charcoal dust, pitcoal dust, plumbago, or any 
snbstance containing the coaly or the carbonaceous prin- 
ciple. This mixture is placed in a furnace until it is 
Ton down or fused by the intensity of the heat, after 
which it is poured out into bar or ingot mouida, or into 
monlda for various utensils, when it will be found that 
such caslinga will be of steel similar to that produced by 
the tedious process of cementation. But this saving of 
time and expense waa not by any means the whole of 
. the advantage alleged by fhe patentee in behalf of his 



1 
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melhod, " far," rays he, " when I meet vitb iron et 
or iron ores sufficiently rich and free from foreigD n 
lures, 1 aave even the lime snd expense n 
the converEJun of such ore firel into cast or pig in 
afterwards b; a tedious and expensive process, i 
psnied with a great waste of metal, into bar iron ; fc 
such ore, Iwing previously roasted or Wrrified, may t 
substituted for the bar iron scrape, and (he remit wi 
be cast steel, provided the proper quantity of any eai 
stance containing carbonaceaiu matter be used, m i« 
the common and ordinary qualities of cast steel ; a mac 
smaller quantity of carbonaceous matter is requiuM i 
the mixture than perhaps would have been auspeetal 
before my invention : when charcoal from wood la «i 
played, a seventieth to a ninetieth of the weight of it 
iron wiLl generally be found sufficient ; when the qiui 
tiiy of the carbonaceous matter or principle exceeds oi 
seventieth, and is increased from one sixtieth to ei 
fortieth or more of the weight of the iron, the steel hi 
comes so completely fusible that it may be ran ini 
moulds of any shape, and be capable afterwards of bi 
filed and polished. Hence, by casting, nay be c 
structed stoves, pates, kitchen utensils, many kinda p| 
wheels and miU-works, a great variety of small machi 
nery, and many other articles which could not be a 
made by the processes now in use, and which way « 
making such articles constitutes a part of my invention 
By my process, various kinds of steel, differing u mud 
from each other in their qualities as the various kinds tl 
pig or cast iron diffbr from each other, can be formed h^ 
merely varying the proportion of carbonaceous mattei 
Cast steel, of 5ie common and ordinary qualities, !■ « 
volatile when in fusion, as not to admit of being run inn 
any shape except straight moulds of considerable dte 
meter; but steel of such density as to admit of ban] 
cast into any form may be produced by my process, b] 
increasing the quantity of charcoal and fining the mattet 
as before directed. When 1 wish to produce qualitiet 
of steel softer than is usually manufactured by the COm< 



men processes, I find il 
of diarcoal, somelimes a 
of the weight of the iron 
portion of charcoHl not 
will generally be found U 
} its being c; 
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: best to uae a small proportion 
little as a two hundredth part 
I : Gteel produced with any pro- 
eeding one hundredth pail 
o possess every property neces- 
3 (hose shapes which require 
great elasticity, strength, and soUdity ; it will also be 
found generally capable of sustaining a white heat, and 
of being welded like malleaUe iron ; and, indeed, as the 
proportion of charcoal or other carbonaceous matter is 
reduced, the qualities of the steel will be found lo ap- 
proach nearer to those of common malleable iron." 

Four years after the enrolment of Mr. Musbat's patent, 
another was obtained by a Sheffield refiner, of the name 
of Lucas, and which haa led to results of no small con- 
sequence to the edgetool, cutlery, and hardware trades 
in general. The title of the specificBtiun announces a 
method of separating the impuritieB iiom crude or cast 
iron without fu^ng or melting it, and of rendering the 
same malleable and proper for the several purposes lor 
which forged or rolled iron was used; aod also, by the 
same method, of improving articles manul'ac lured of cast 
iron, and thereby rendering cast or crude iron appli- 
cable to a variety of new and useful purposes. 

The patentee thus describes his processes : — I'he pig 
or cast iron, being first made or caat into such form aa 
may be most convenient for the purpose for which it is 
afterwards intended, is to be put into a steel^convertiiig 
or other proper furnace, together with a suitable quan- 
tity of ironstone, iron ore, some of the metallic oxides, 
lime, or any combination of tlieae (previously reduced 
into powder or small pieces), or with any other substance 
capable of combining with, or absorbing, the catbou of 
the crude iron. A degree of heat is then to be applied, 
so intense as to effi^ct an union of the carbon of the cast 
iron with the aubstance made use of, and continued so 
long a time as shall be found necessary to make die cast- 
iron either partially or perfectly malleable, according to 
1| Qie purposes for which it may tie wanted. If it be in- 



tended to make the iron perfectly malleable, f^m OW 

half to two diirds of its weight of ironstone, iron at, 

orotlierEubsiance, will be foand neceasaiy ; ifanijjB- 

tialiy sn, a much less quantity will be auffidenL Rn 

or six days and nights trill in genetal be foutid miSont 

during which to continue the heat, which, towards dit 

close of the procefls, cannot be too great. Care 

be taVen that the pieces of cast iron be not of too ^ 

thicknesa, as it would have the effect of lengthening HiB 

proceas. But the proportion of the several 

made use of, and the d^ree and duration of the heit to 

be applied, must greatly depend, not only 

of those substances, but also on the nature and quality 

of the pig or cast iron employed, a knowledge of which 

can be obtained only by experience. The 

be rendered malleable, and the subatances 

use of for that purpose, may be placed in the furnace ia' 

alternate layers ; and, in order to prevent the u 

or iron ore from adhering to the iron, a thin Uyer of" 

Mnd may he placed between them. For the hnprore* 

ment of articles manufactured of cast i 

directions may be observed, except that when the articles 

are small, a less proportion of the substances producing 

malleability will be required, and also a less degree and' 

There is some ambiguity, involuntary or afibcted, 
the foregoing specification. It is not very clear from the 
terms whether iron in pigs or small castings be prind- 
pally meant to be treated. The fact was, however, that' 
the discovery was presently turned to n large practical' 
account ; and " the variety of new and useful purposes "* 
to which it might be applied, were soon found lo indudc 
the casting of all sorts of cutlery articles and edgetools,' 
from the largest to the smallest, with the utmost &• 

From that time to the present mon 
quanlitjes of wares, bearing in the trade the eqnivtical 
dnignation of run tteel.haye been daily cast, and treated 
' m pdndple of the fbT&<roentioned discovery ; with- 



r, the pig metal undergo! ntr any alterative 
! irhaleTer becneen the blast-fumaoe and the 
Iting-pot. The metal coitinionly used fm- this purpose 
; drawn from the rich Cumberlaud oreg, 
Qematitea. 

The processes of casdng and atmealiug these articles, 
AB we witnessed them on a lai^e scale in a Sheffield caat- 
irg establishment, were cunducted ss follows : — Models 
of the articles being prepared, these are imbedded in a 
stratum of Mansfield rock sand iinely pulverised, and 
moistened a little to mnke it cohere ; it is detained in 
shallow boxes, opening longitudinally to admit of the 
models being removed, by which meaaa their exact im~ 
pressiona are left in the sand. They are generally, ivheu 
the site allawa it, placeil in two series, one on each 
ude of a main stem extending down the middle, some- 
what like a fern leaf; the articles inclitdug a Uttle from 
the right angle, that the metal which is poured down 
this midrib may with the greater freedom run to the 
extremities of the lateral branches. When the casting 
has taken place, by tile pouring into the cavity already 
described a sufficient quantity of molten metal, and 
when the whole has become sufficiently cooled, the boxes 
are opened, the tpray, as the cluster of castings is called, 
taken out and cleared from thesand, and the articles broken 
from the midrib with nippers. In this state they are almost 
as brittle as glass ; the grain or fracture appearing very 
close, somewhat crystaUine, and very lightcoloured. The 
material and mode of casting here alluded to are much 
used in Birmingham, for bridle bits, stirrups, and a nu- 
merous hstof other articles, which it is obvious may he 
so much easier and more cheaply cast than forged. For 
certun descriptions of forks, common snufiers, &c., this 
metal is peculiarly adapted. They are annealed, or, in 
otherwords, decarbonated in the requisite degree, by being 
I pUced upright in small cast-iron tubs, which are tilled 
I'HI riflier with a powder produced by grinding the na- 
I tl*e <ffe, which is a must difficult task, or, more generally, 
\'^^ tmiihy slack, which is the bIipJc produced in the 
r fiirge or during the tollingor the working of red-hot irons. 
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Aftv A^OMn ftr five dajB ud Arc ni^tt to A 
nia bMt of 111 lir fkiniMa OT brick OTcn, artida 
imHI baeoBM not mcfdj tomnrtitt wft ud nuBe 
n abend dM dM7 ma J be heated, huDineied, hi 
and poUihod Ifln Med. Sndi ia the malleaUU^ 
■tatadal irttcn good and eaicAi&y treated, that 
aatD it dnwn mt l^ haumieritig to the finen 
kidttiBg Beadle; and on laUi^ a bit of it to • 



flgufl Uad^ ho faeceeded in die attempt, altho 
point ndier ommUed; and on hardening and I 
h he dtOD^ it looked Uke piettr good ated, ni 
AMit«M»j|keeef iriut he Oen eaUed cart i 




B shop in which the hlade of a cutting ii 

rmed from the bar slee! by bamincring is locally 

n1 a gmiihy, and contains on one aide a hearth with 

va, a Mithy or anvil inserted in a large block of 

or stone according to circumstances, s water-trough 

le purpose of hardciting, heavy steel-faced hammers, 

Unga, and some other implements of iion and steel. 

j; the smaller articles, (he individual who ham- 

le ateel into the form of a knife blade, for instance, 

allyemploysaboyto manage two or three bare in the 

d hand them, when sufficiently heated, in succea- 

n to thehanunerman, whoby thusaltcmatelyreceivitig 

Jft heated and retuniing tlie used rod is kept constantly 

I work. The uniformity of exertion which is secured . 

is arrangement, and at the same time the dexterity 

ich with very simple instruments a material seem- 

the most intractable in nature is moulded on tha 

I, would astDiUEh a stranger. Indeed long habit and 

it practice can alone enable a workman to tratis- 

a rods of steel into neat bladcB with the requisite 

e of precision and despatch. A pei^knife blade is 

med at two beats ; first, the biade properly so called J 
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this ia then chopped off the rrnl of the rod, taken up W 
■ pair of tangs, heiied again in the Are, and the b 
or part by which it is lo be held during grinding, « 
ultimately to be fixed in the haft, ia fashioned. T. 
whole is then rmitAci, or Eniartly hammered after it h 
ceaiied to be soft, in order to close the pores, and p 
the greatest possible degree of density ; hiving I 
struck with the naU-msrk, and the maker's name or ol 
device from a steel punch, the blade is ready for bardea 
ing. The steel springs for the back and iron aca" 
the inner sides of jointed knives are made by wo 
ranking a degree below the blade-makers. 

Id ftaming most of the Urger articles, such ai 
knives, flies, and edgetoola in general, two men an 
quired to manage (be forging operation, a maJeer t 
striker ; the former managing the hfixt (ss the glm 
piece is cslled), with his left hand, while he u 
hsmmer with his tight; the latter wielding a htOi 
sledge hammer, with nhich he altemales strokes n 
ihe maker. Tlie sounde issuing from the i 
wheretheiedouhlehnmmer? (weighing respectively Sj'lfa 
and Tibs.) are at work, ia singularly indicative of b 
and inceseant toil. 

Table-knife bladea are composed partly of iroti A 
partly of steel, the two metals being united at ihe W 
or shoulder of the blades. The cutting portion of |l 
blade is first hammered out of a rod of steel, t 
tinned above ; it is dien chopped ofi^ the thicker fi 
inserted in the fire, and along with a rod of ir 
to a welding heat ; the two pieces are then laid fi _ 
ther, and the tang and bolster formed. The latter o 
ject is instantly attained by the assistanc 
■mplemenls acting with a boss {fig. 7C|,} and a sUt hi 



of iron, called a devil {Jig. 80.), reapeotivelf (of whioh 
the aanexed are the figures], placed upon ihe anvil. 
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The handles of these implemenU are composed of 

hud sticke twisted about ihe heads of the iron puDchea, 
and kept together by means of a metal ring. 

The blade being properly formed b; the hammer, 
and sometimes, though but rarely, touched up with a 
file, is next submitted to ihe routine of hardening and 
tempering. These processes, though io themselves ex- 
tremely simple, require llie nicest care in their perform- 
ance, as upon them depends, in fact, almost entirely the 
maio chance of excellency iu all edged ineCrutnenta of 
Sled. It is true, as already observed, if the material 
be worthless, no care in the treatment of it at this stage 
can make up the want of goodness of quality ; but, on 
the other aide, whatever be the excellence of the metal, 
if improperly treated in these stages, no subsecjueni 
operation can produce the essential properties of a good 
Uade. Steel is commonly hardened by being plunged 
vhen red hot into cold water ; It is afterwards lemjiered 
by being heated until the surface assume a tinge, vary* 
J from a light straw colour to a deep blue, aa the 
Kflde happens to he required for cutting ; as a pen- 
Te, or for elaalicity, as a watch-spring. To obtain a 
und for this crileriou (which exhibits simply tlie 
stage of the progress of oxidation), the 
re of the metal, previous to tempering, is rubbed 
j^t with a piece of gritstone, or in the finer articles, 
■ apriDga &c., ground and polished Various chemical 
« bare at different limes been proposed lo the 
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eutlera ; bul ejlher from a want of dispMition o 
pact of the workmen, who aie mostly (rompelled bj ki 
wages (0 avoii! theories and experiments, and b; 
accustomed way lo work, or from (he want of anjM 
perior efficiency in the applicatioim themselves, ih^H 
little attended to in practical hardeDiog, 

It is a generally prevailing opinion amongst nieDi 
customed Co the management of this process, tbU 
steel be over-heated previous to immersion, Bneimpil 
tion of heat is likewise required to reduce it, or whit 
termed let it daan, to a proper degree of hacdnest, « 
ihat without this a good cutting edge canmit powblf I 
produced. This, indeed, to say the least of it, is 
terable and ineffectual attempt to remedy oi 
the introduction of another. That this is ai 
injurious opinion, and thsC it operates, perhaps, D 
than any other cause whatever to produce a maw 
inferior cutlery, must be obvious to every one whelU 
at all upon the subjecL It may be laid dowti as « p 
tion which is not in much danger of beitigcontrovei. 
that the hiofgl poarible heat at vrhieh sleel beootne* hi 
it indubitably the but ; and that, in fact, to imptrt 
it any extra portion, ia essentially to affect its moat < 
lusble properties. If over-heated, the pores of M 
become open and expanded, the flneness of iti test) 
is anDLbilated, and it is rendered so extremeljr a 
ccptible of injury from the infiuence of hea^ that 
small portion acting upon it, when it is itt thii 
entirely destroys its capability of sustaining a c 
edge. It should, therefore, be inferred from dleK I 
marks, that no degree of temper whatever will o' 
to restore to steel the pure properties of which it I 
been deprived by being over-heated. 

The writer of the foregoing and following paragttpl 
himself for many years practically acqnainled with ( 
various manufactures of steel, has suggested a n 
for the usual defects in these processes ; which, hoi 
adds too materially to the cost of workmanship e 
allow of more than itum' partial adoption, even 
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imporlant article of razors. This intelligent cutler 
observeK. that " articles manufactured of eteel for the 
purposes of rutting are almost without an esceplion 
hardened fnim the anvil ; in other words, they are taketi 
from the forger to the hardener without undergoing any 
iniennediale procMt: such is the accustomed routine; 
the misciiief it occasions haa not escaped observation. 
The act of forging produces a Etronj; scale or coating, 
which is a|iread over the whole of the blade ; ami, to 
make the evil still more formidable, this scale or coating; 
h unequal in subslaiice, varying in proportion to the 
degree of heal comnaunicaied to the steel in forging ; it ii 
Kinetitnes almost impenetrable to the action of water 
when immersed for the purpose of hardeidiig. Hence 
it U that iliflerent degrees of hardness prevail in nearly 
every razor manufactured ; this ia evidently a positive 
defect : and, so long aa it continues to exist, great dif- 
ference of temperature must exist likewise. Razor- 
blades not unfiequently exhibit the defect here stated in 
a very striking manner : what are termed clouda, or jMrta 
of unequal polish, derive their origin from this cause ; 
and clearly and distinctly, or rather dintinclly, tiiough 
not elearly, show how far this partial coating has ex- 
tended, and where the action of the water has been 
yielded to, and where resisted. It certainly cannot be 
matter of astonishment that so few improvements have 
been maile in the hardening of steel, when tlie evil here 
complaineil uf so universally obtains, as almost to 
warrant the supposition that no attempt has ever been 
made to remove it. The remedy, however, is easy and 
simple in the extreme, and so evidently effideni in ita 
application, that it cannot but excite surprise, that in 
the present highly improved state of our manufactures, 
■uch a communication should be made as a discovery 
entirely new. 

" Instead, therefore, of the customary mode of hard- 
ening the blade from the anvil, let it be passed imme- 
, difttely from the bands of the forgers to the giinder ; a 
'it application of the stone will remove the whole of 
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the «cale or coating, ami the razor will then be prope 
])re]>iied to unil^r^ the opcraiion of hardening wi 
■dvantige. It will beeanily ascertained that Bteel in th 
ttaie heau in ihe 6re with f;reater regularity, and ifa 
when immerBed, the obntwleB being remoTed to the in 
mediale acdon of the water on the bodj of the steel, tl 
latter become* equally hard fjom one extremity to tJ 
other. To thia may be added, that an the hverlpi 
teal at mhirh ilrrl bfcomes hard it indubitablg lie An^ 
the mode here recomniended will be found the only Oi 
by which ihe proceM of hardening can be effected wil& 
a less portion than is or can he required in any oAflC 
way. These obnervations are decisive, and will in a] 
probability lend to eatablUh in general use what cuiiig 
but be regarded as a very important improvemeut in lb 
manufacturing of edged steel initrumenta." 

I'he notion formerly existing that aaline and otbtt 
ingredients much improved the quality of the wRier li 
be used in hardening of cutlery is scarcely yet espiodci 
in theory ; especially as a mixture is used in the pre 
paration of files and saivB. Mr. Martin justly obaerTel 
that " no advantage is obtained from the use of ndl ii 
water, or cooling that fluid, or from using n 
instead of water ; but it may be remarked, that qaeBtioH 
respecting the fluid are, properly speaking, applicaUi 
only to fileti, gravers, and such tools as are intended B 
be left at the extreme of hardness. Yet though Ml 
Stodart does not seem to attach much value to pectb 
lisrities in the process of hardening, he mentions it a 
the observation and practice of one of his workmen, thu 
the charcoal Are should be made up with sharinga a 
kstlier : and upon being asked what good he mppoaet 
the leather could do, this workman replied, that he ci 
take upon him to say that he never had a raxor crae 
in the hardening since he had used this method, thot^ 
it was a very common accident before. It appears, tt 
the consideration of other facts, that this process is likelf 
to prove sdvantageouB. When brittle substances crack 
in cooling, it always happens from the outside c 



^^^■luig and becaiuing too Email to contain the interior 
^^^p. But it is known that hard steel occupies mure 
P^P«t Ulan when snft ; and it may easily be inferred, thU 
f^e nearer the sieel approaches 10 the state of iron, ihe 
less will be this increase of dimenEions. If, then, we 
suppoiie a razor, or any other piece of steel, to be heated 
in an open fire viitb ■ current of air passing through il, 
the external part nill, by Ihe lose of carbon, become leas 
steely than before ; and when the whole piece CDmea to 
be har<tene(I, the jnsidi^ will he too large for the external 
part, which will probably crack. But if the piece of steel 
be wrapped up in (he cementing nuxture, or if the fire 
itself contain animal coal, and is put together bo as to 
operate ii> the manner of that mixture, the externa] part, 
itifttead of being degraded by this heat, will be more 
carbonated than the Internal part ; in consequence of 
which it will be bo far from splitting or bursting during 
its cooling, that it will be acted upon in a contrary 
ilirecliun, tending to render it more dense and solid." 

The cracking which bo often occurs on the immersion 
of qteel articles in water does not appear to arise so much 
from any decarboniBation of the surface merely, as from 
the sudden condensation aud contraction of a superficial 
portion of the metal, while the mass inside remains 
•welled with the heat, and probably expands for a mo- 
ment OD the outside coining in contact wiih the water. 
Every observant mauufarturer of cutting instrumenttf 
of the finer sorta must have experienced the difficulty of 
obtuning, in the articles about to be hardened, thatuni- 
form degree of heat throughout which is essential to 
the production of a perfect edge. " This difficulty," 
t»js Mr. Nicholson, " fornieil a very considerable impedi- 
neut to my succees in a course of delicate steel-work 
in which 1 was engage<l ahout seven jrears ago ; but after 
Various unsuccessful experiments, I succeeded in remov- 
ing it by the use of a bath of melted lead, which, for 
very ,iualifiable reasons, lias been kept a secret until now. 
'' Pure lead, that is to say, lead containing little or no tin, 
united to a inodctatc redness, and then 



Into this the pieire ib plunged for a Tew eeconiU ; lh>t 
is to Bay, until when brought near the Burface thil pi 
does not appear less luminous than the reBl. Theiiitfl 
U then apeedil)' alirred about in ilie bath, tuililenlj 
drawn out, anil plunged into a large mass of vater. Il 
(his manner a pkte of steel mai)> be hardened so U Ii 
be perfectly brittle, and yet continue so soDtld U < 
ring like a bell : an effect which 1 ncTer could prodiit 
in any other way." The tempering process msj 6 
jierformei) by iinmerEing the articles in the same tatttti 
in a bath of molten lead, the temperature of wlucli rt 
be ascertained by means of the thermometer, whel > 
does not exceed the point at which mercury boib, 

It is extremely difficult to inaure the exact ifjpttt 
hardness best fitted for the purpoee to which ■ 
instrumi^nt is to be applied. The most practical m 
is u> give the steel a very high degree of hardnest, Kii 
then reduce it to a proper state by the procesi nlH 
tempering. In tampering steel the workman is guided 
entirely by tile colours which appear on the aurbce rf 
the metal during the operation. These colours are tllls 
films of oxide, which are found to correspond wits 
conidderabie exsctness to the degree of best (o wtutfe 
the m^tal is exposed. 

The following colours will appear ir 
plate of hardened and polished steel when exposed (0 < 
progressive heat. A piece of well-polished hardened at«a 
healed W 430° Fahr., assumes a/nin( yeltoui colour, iM 
is suited for lancets and other cutting instruments wl^o 
require an extremely fine edge. Al 450° a/ain/ ^ 
colour is obtained. This degree of temper flta ihest 
for razors and amputation knives. At 470° steel i 
quires a full yethm colour, and becomes tougher a 
fitted for penknives. At 490" the yellow 
brownith ; and this is tlie degree of temper best fl 
for cold chisels and shears. Steel tempered at 5I< 
Fahr. developes pvrple apola over the brown shade, ai 
is then fit for axes and plane-irons. At 530» it h 
comes B purple colour, and la then used for tsbk 
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Icnlyes ; while for swords^ watchsprings, &c., a bright 
hhe colour is attained at ^e temperature of 55(f Fahr. 
At 560° the blue colour is very hrilliant Steel thus 
tempered is used for shears and ordinary chisels ; and 
at 600° the metal takes a dark blue colour, and is then 
lit for large saws, &c. 

It may not he generally known, that the hardening of 
steel does not necessarily depend upon the immersion of 
the metal in liquid of any kind, hut may he equally 
effected hy the application of cold. The hardening of 
cast-iron articles hy chilling the surface has already heen 
mentioned, and the cutlers are well aware that the same 
phenomenon occurs in the case of a thin hlade, placed 
when heated between the hammer and anvil faces when 
both are cold. The Bulletin Universd lately contained 
a notice in reference to the practical application of this 
principle. From the observation of travellers, that the 
manufacture of Damascus blades was carried on only 
during the time when north winds occurred, M. Anozoff 
made experiments on the hardening of steel instruments 
by putting them when heated into a powerful current of 
air, instead of quenching them in water. From the 
experiments already made, he expects ultimate success. 
He finds that, for very sharp-edged instruments, this 
method is much better than the ordinary one ; that the 
colder the air, and the more rapid the stream, the greater 
is the effect. The effect varies with the thickness of the 
mass to be hardened. The method will succeed well 
with case-hardened goods. 
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Fob several yenn paat abeet steel hoa been vsed id Uiga 
qnantitiea instead of copperplatfa by ihe engraVMIi 
By thii fortunate application of so durable and, it 
be added, so economical a inalerial, not only has a 
field been discovered, adtnirubly suited to yield in per* 
fection the richest and finest graphic productions whldl 
the ingenuity of modern art can accomplish, but to do •» 
through an amazin|;ly numerous series of impremiom, 
without perceptible deterioration. The art of engn 
on iron or ateel, for purposes of ornament, and evei 
printing in certain cases, is by no means a discovery of 
no<lem times ; but the substitution of the latter id 
teriftl for copper, which hai invited the superiority 
the British burin to achjevenientg hitherto unattempled' 
by our artists, is entirely a modem practice. 

In the year 1810, Mr. Dyer, an American merchant, 
residing in London, obtained a patent " for certain im- 
provemenlB in the construction and method of usiiig 
plates and presses," &c., the principles of which were 
communicated to him by a foreigner residing abroad. 
This foreigner was Mr. Jacob Perldns, an ingenious 
artist of New England, and whose name subsequently 
became so extensively known in Ihia country, in 
nection with roller-press printing from hardened 
pUtes. The plates used by iUr. Perkins were on 
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average about five eighths of tn inch thick : th«/ 
were either of steel, eo tempered as to ailmit of the 
operation of the graver, or, as was more generally the 
cue, of fiteel decarboimteil. so as to become very pure 
Boft iron, in which case, alter tlicy had received the 
work on the Burface, they were case-hanlened by ce- 



The decarbonating process was performed by en- 
dHDDg the plate of cast eteel, properly shaped, in a cast- 
iron box or case, filled about die plate to the thicloiess of 
*b(nit an inch, with oxide of irou, or rusty iron filings, 
la this 8t«te the box is luted close, and placeil in a re- 
initar fire, where it is kept at a red beat during from 
[ three to twelve days. Generally about nine days are 
I auffieient to decarbonise a plate ^ve eighths of an inch 
in tliickneas. When tlie engraving or etching has been 
executed, the piste is sujierticially converted into steel, 
by placing it in a box, as before, and surroanding it on 
all sides with a powder, made of equal parts of burned 
bones and the cin<lers of burned animal matter, such as 
old shoes, or leather. In this state the box with its 
contents, closdy luted, must be exposed to a blood-red 
beat for three hours ; after which it is taken out of the 
fire, ancl plunged perpendicularly eilgewise into cold 
water (which has been previously boiled to throw off 
the air) ; by tliis means the plate becomes hardened, 
wilboul the danger of warping or cracking. It is then 
tempered or let down, by brightening the under surface 
of the pUte with a bit of slone ; after which It is heated, 
by being placed upon a piece of hot iron, or melted leail, 
until the rubbed portion acquire a pale straw colour. 
For this purpose, however, the patentee expressed him- 
sdf in favour of a bath of oil, heated to the temperature 
I of 4i60°, or thereabouts, of Fahrenheit's scale. The 
> plate being cooled in water, and polished on the surface, 

I was ready for use. 
A more material peculiarity in Mr. Perkins's inven- 
tion, und one which does not seem to have been ap- 
proached by any preceding artist, was 
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' what are called indentinj ryKnder*. 
two or three inches in iliameter, tnd made of tl 
cubooiied by the proeeis before ilescribcd, ao u le 
very soft. Id this slate they are maile ti 
and forward, under a powerful pressure, ova* the ■ 
fu« of one of tiie hardened plates, until all the 4 
letters, or indentations, are communicated with 4 
site precieion, in sharp relief upon the cjrlli 
being carefully hardened and tempered, t 
means fitted to coramunics 
plates, by an opetsliaQ similar to that by « 
originally figured. It will be obrious tl 
vantage gained by this method must be l)ie e 
aariug of the labour and expense of re-cutting;, in atr^ 
case, on different plates, ornaments, borders, cmldtH 
adcal designs. &c. ; as these can now be i uipi f 
with little trouble on any number of plates, or in (B 
part thereof, by the application of the cylinder. A 
first sight the performance of such an operatitHi u d 
one now alluded to may appear diflicalt, if not ia 
practicable ; and, indeed, many pereons, on iu ft) 
announcement, were disposed to doubt or deny itt fn 
■ibilily altj^ether. With a proper and povreiM ^ 
paratus, however, this method of tranaferring engravia) 
from plates to cyliniters, and vice vergd, is every it 
performed with faciUty and success, not only in t 
production of Irish bank notes, labels, &c., but in woll 
exhibiting very elaborate engraving. 

In 1824 the large gold medal of the Society for d 
Encouragement of Arts and Manufactures was pr 
tented to Mr. Charles Warren, fur the communicaliaD i 
a paper on improvements in the art of engraving ( 
steel. The death of Mr. Warren in the interval h 
tween the adjudication of the medal and tlie day of U 
Dual distribution of rewards having prevented tl 
Society from receiving such details as were expecti 
from the inventor himself, the committee drew up 
report on the suluect, from which, along with detaili 
communicated by Mr. Phelps and others of Mr. IFui 



) perranal rriends, the account published in the 
'e TraDBactions was compiled. From tliis bu- 
aourc* inoBt of the following particulars are 6e- 

I Some of the earliest specimeus of engraTitig on steel, 

' r the purpose iif priniing, were produced by Albert 

There are four plates etched by ihis artist, im- 

i« of which exist ill the British Museum, which, 

1 books treating on the subject, are recorded as 

; been executed in steel ; of these, oue has the 

.510 inscribed on it. Since that time attempts 

e been made occasionally to employ steel instead of 

I material to engrave upon, but apparently 

uccess, on account, principally, of the great 

loess of the material, which in a short time blunted 

d the tools which were maile use of. 

is well known, exists commonly in two 

ea, the elastic and the brittle, the former being con~ 

Ttbly softer than the latter ; of the elastic steel, a 

r-Uade may be considered as an example, and, in 

I, pieces of saw-blade were the material upon which 

'y all the earlier attempts have been made, of lale 

1 revive a practice which, if successful, off'ered 

/ advantages to the artist and to the public. 

r. Bsimbach, a few years ago, executed an engraving 

I block or thick plate of steel, but met with so 

Iny difficulties in the execution, that his experiment 

Uained iusulated, and produced no sensible efiect on 

rt of engraving. 

r. Warren, in his early youth, was much employed 

t engraving on metals for the uie of calico-printers 

uiBmiths ; and (he experience thus acquired 

I him afterwards to turn his attention to the 

jtgect, with a view of applying it to the fine arts, 1 

d to him by Mr. Gill, one of the chairmen 

e of mechanics, that the method em- 

i by the artiiicerB of Birmingham in the raanu- 

■e of ornamented snutfers and other articles of 

e description, is, to sul^ect the cast steel, after having 






been ro71e<l inlo sheets, lo the procns of decarbonitallDBj 
by mesni of which it is canveried to a verj pure Kd" 
iron ; beinj; then made inW the required inatrumetit, a 
other article, the ornamented work is engraved or IB 
pressed on the soft metallic mirface ; after whidi 1 
cementation with the proper materials, it ii fM 
hardened, or again converted, supcrfldsll]', to sted,* 
thus rendered capable of acquiring the highest pc^iAi 

In the attempt, however, to apply this procen II 
pUtra for the engraver's use, two oppotile difficidija 
occurred : a plate of steel, of the same thieltnea* ii 
of common copper-plate, when thoroughly dec 
and thus reduced to the state of very soft ir 
readily to the graver and other tools, and, especisUy, ii 
susceptible of the process of linoi^ng'Up ; this o 
in scraping out itny error of the graving tool, t 
wards slribing the underside nf the plate with a p 
and hammer, in order to raise the cavity to the g 
level, and thna allow the artist to take the error O 
without occasioning any unevenness of tlie engraya 
surface; it was found, however, that plates of the [U» 
nesB requisite for this operation, and of the us 
flcial dimensions, were very liable to warp ii 
or rC'Carboniaing process, and were thus incapable 
giving perfect impresaions. If, in order to avmd t" " 
disadvantage, blocks, or plates, three or four ttmea I 
ordinary tlnckneas, were made use of, the i 
indeed was prevented, hut at the same time the proca 
of knocking-up became impracticable, and it was ncca 
sary, in order to remove any error or defective parlj Uf 
grind out (be surface, or to drill a hole from the a 
surface almost through the plate, and then, by fi 
in a screw, to raise that part of the face which fra 
immediately above it. This latter process, howev^ 
WIS so tedions and ditHcult, as exceedingly to deti 
from the advantage of substituting steel for copper. 

In this state of things it became a very iniercM 
oljjecl of enquiry, to ascertain how many impreadooft 
might be taken from a plate of soft or decarboiuMd' 
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Oed ; and it nu found that sucli a plate, prepared ac- 
cording to Mr. Warreu'a process, was capable of afford- 
ing scTeral thousand copies, without undergoing any 
sensible wear. In proof of lliis, the committee of the 
Society of Arts, &c. aiate, that impreasions were kid 
befbre them by Mr, Warren, from two plates of decar- 
bonised steel executed by him, the one far an edition 
of Mackenzie's worlcs, published by Cadell, the other 
for an eiUtion of Seattle and Collins, publisiied by 
Riviugton. These plates eihibited, both in the land- 
scape and in the figures, the mast elaborate and delicate 
work ; five lliousand impressions had been taken from 
one, and four thousand from the other ; and yet between 
one of the first and one of the last impressions it was 
impoBsible to perceive any difference. 

If Mr. Warren had carried on his experiments alone, 
working by himeelf till he had brought his plan to 
perfection, it is probable that, at the period of his death, 
the evidence of the great importance of his discovery 
would by no means have lieen so complete as it actually 
WU; and the result of his exertions might have been 
lost, to the great detriment of the profession, and of the 
fair fame of this eminent artist. But eeliishness end 
secrecy in any thing which related to the improvement 
of the art to which he was attached formed no part of 
bis diaracter ; and all his discoveries, both those re- 
lating lo the prepars.tion of hia plates, as well as those 
which had reference to the engraving upon lliem, were 
unreservedly and gratuitously communicatei!. The con- 
sequence of tiiis hbernlity was, that besides the plates 
of Mr. Warren's own engraving produced before the 
committee above meiitioneii, impressions of portraits 
and other subjects engraved on decarbonised steel were 
shown, demonstrating that SOOO, 30,000, and even 
35,000 impressions had been taken off steel plates, 
before their respective artists had used them for the 
production of their own proofs. 

Mr. Warren's original process for decarbonising tbe 
1^ plates consisted in procuring a box or case of iron, 



and coTering the bottom of it with a mixnire at in 
turiungi »ncl pounded of Hler-shelli ; od this ■ ill 
pUte is lud 1 another bed of the miKture ia cheo addc 
and BO on dternaCely, (ill the box is full, taking ei 
that a bed of the eoni[iOBition Khould form the up^i 
well ns the lower laj'er. The box so charged wai it 
placed in a furnace, aiid kept for several houn at i 
highest heat which it would bear without melting 
which, being allowed to cool grailually, the plali 
found to be reduced, for the most part, to the stated 
Boft decarbonised 8l«el. 

Mt. Hughes, a copper-plate maker, having 1 
instructed by Mr. Warren in his process, and f 
that llie steel did not always turn out aufiidendy a 
uniformly soft (particularly for the purpose of cngm 
in raeizotinto), imagined that those occasional defi 
were owing to a deficiency of heat in tlie cement 
process ; accordingly, he substituted a case or ova 
refractory clay, for the cast-iron one, and then appt^l^, 
a considerably higher heat than llie cast-iron box ma 
have etidure<l without meltiog, was enabled to oMI 
plates so soft that they might be bent over the knM> 4 

The beat methods adopted by Mr. Warren and a^ 
sequent artists, for cutting, laying on the etching grooq 
and hiting-in of steel plates, although of the hi^btf 
importance, need not be pointed out in this place; 

may, however, be remarked, that as the ua ~ ' 

enters so largely into the processes of modem engnvl 
in general, so steel is a most favourable material tmt 
developemeni of the efficient action of the menitni* 
usually employed. It may be acceptable infonnalil 
to some of the readers of these pages to be told, ' " 
modem ingenuity has not only appUed aquafortia 
tensively in the partial execution of portraits and Vi 
Bulfjecls, but even for letter engraving, exclusive of i 
co-operation with the graving-tool. The wiiwr J 
seen specimens of work done in this manner, 
of all the letters in which were so fine, square, . 
, clear, that nothing short of the scrutiny of an ei 
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lienced eye could have detecled the method in which it 
had been exei^utad. 

" Concerning the great ausieriority of Bteel-plale over 
copper-plate, for all works that require a coiisiderable 
nniaber of impreuiotiB to be taken, there can exist no 
doubt : for tbouf(h tlie uee of the graver, and of the 
other tooU, require* tnore dme on steel than on copper, 
anil though the process of re-biting has not yet been 
carried to the degree of perfection in the former thai 
it baa been in the latter, yet the texture of steel is anch, 
sa 10 admit of more delicate work than copper ; and the 
flnest and moat elaborate exertions of the art, which on 
copper would aoon wear, so as to reduce tbem to an 
indistinct smeary tint, appear lu undi^rgo scarcely any 
deterioration on eceel ; even the marks of th« burnisher 
are still dlatlnguiehable after several thousand imprei- 
Hons.* Steel plates are now applied to a new, and. as 
it promises, a very important use when the process is 
more fully developed, Mr. Fox Talbot has introduced 
■ procesa by which etchings are produced by the agency 
of the sun's rays. The sieel plate is covered with a 
aoluliDn of isinglass which holds bichromate of potash 
diawlved. This, when dry, is e:Eposed, with the object 
we desire lo copy laid upon it, to the sunshine. The 
bichromate of potash is decomposed, and the chromic 
acid combining with the isinglass, renders it very inso- 
luble. The plate is then placed in water, which removea 
all the soluble gelatine ; ibis being effected, a solution 
of the bichtoride of platinum h poured over it, and the 
■teel plaio is rapidly etched. Botanical specimens, 
fnlhers, lace, and all such objects, are thtis beautifully 
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In mast articles of cutler;, the blades, after bong bsb- 
deneil, are directly carried to the grinding-mill, ( 
as the establishment is called, for the purpose of baii^; 
ground. Before the introduction of steam power, dW 
grinding esiablishmentB in the licinitf of Sheffield e^ 
hibited much of that simplicity of structure and uitKOgtr 
ment of machinery which probably characterised if 
seven or eight hundred years ago ; especially those se 
on the picturesque banks of the Porter and the Rivdj 
two principal feeders of the riverB Sheaf and Don, l' 
" Abana and Pharpar" of the modem Damasoug. 1 
grinding wheels being, in most cases, situated beud^jl 
fall in the stream, for the convenience of working u^ 
overshot water-wheel, their roofs are frequently but H; 
elevated above the superior level of the aiyacent gi 
or of a large dam, which is constructed to collect ^ 
water during the night in seasons < 
for the ordinary convenience of allowing it to flow iali 
the pcntrough with reguUrily when the machinery IgH 

Internally, the building is diviiled into hull*, and tl 
into Iroiighii; the former consisting of one room, thelattq 
compruing a single range of grinding ai 



■I indicated b; the profile sketch, /^. 81., in which A 
represents a table-knife grinder's atone, which, when first 
put into the trungb, is about four feet in diameter, and 
nine inches across the face. These itones, wliich are of 
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Ipecnliai grit, and cut with great eagemejs, are of a 

jcddiih colour: thejr are quarried at Wickersley, in 
Torluhire, a short distance from the celebrated luina of 
Koch Abbey. When, either from use or inequality of 
texture, the stone becomes more worn on one part than 
anollier, the prominency is reduced, and the whole sur- 
face of the stone chopped with cross lines to make it cut 
faster, by means of a hack hammer,/j. 82. The stone 

Fig. as. 



does not always ran in water, but is kept sufficiendy wet 
by constantly dipping t!ie article being ground into a 
ticket of water standing beside the grinder. In the 
coutse of ten weeks a stone will be worn down to the 
diameter of twenty inches : a deep groove is then cut in 
rtie face by the application of a piece of pointed steel, to 
render more easy the operation of splitting it into two 
•mailer stones, immediately fit for tlie scissor-grinder'a 
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puipoae. A table-knife grinder's slone cut b«rdl; h 
too luge, the bUJes being mostly ground with a aligll 
degree of convexity, or rotted, as the grinders terra J 
penknife and ticisGor blades, as ihey ought to be finiibi 
the former within a siDgle degree of perfect flatness, a 
the latter, a little hollowed, ret^uire a much smaller sUn 
while a razor, being considerably concave on the dd 
ii wrought on a mere griadte coke, as it is calltxl, — I 
neplua ultra of razor grinding, being the use of a '' foi 
inch stone," 

fi is the glazer, composed of cuneiform radii of wt 
firmly glued together, in order that the circular fo; 
may not be affected by the shrinking of the pieces ; I 
whole KOmewhst resembles a stout round table top, foi 
feel in diameter, and two inches thick, except a bon '■ 
the centrCj through which the axle passes. The ei 
is covereil with stout leather, upon which, by raean* 
glue, a coating of emery is laid. For razors, jio&I^ti 
and Bcissors, a trundle is used, under the appeUadon rt^^ 
lap: it is simiJar to this glazer in size and constmefio 
butj instead of a surface of «of[ lealher, it has acovei' 
of soft metal — lead and tin, cast to the ihicknesBof at 
an inch on ihe periphery ; upon this flour emery is in 
and efPectually detained by hatches or nicks ch^iped 
the metal. For comnion work, these laps arc sm. 
made of wood, having the emery rubbed into inl 
on the face. 

C is intended for a smaller and narrower s 
white grit, upon which the bolster, i 
part of a common table-knife blade which abuts upoa tb> 
handle, is ground. Between the grindstom 
glazer the blades are pasted over a Hne dry al 
intermediate process, which ia called tchitening, from i 
colour of the stone, is designed to correct the si 
the article, in those parts which could not be m 
with sufficient nicety on the large wet stone, as wdl H 
to smooth the surface a degree. During ihia, as well u 
the preceding process, a brilliant stream of sparks ia eli- 
eiied from the steel in contact with the grit or the-- 
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emery- Tliis of itself is sufficieDt to show in what 
jeopardy the temper of any article is placed where the 
frircion and consequent heat produce such a pheno- 

Poliehing or buHing, which generally follows lap- 
ping, is performed on awheel similar to the glazerj only 
that, instead of having an emeried surface, it Is covered 
with thick soft or iu^leather, whence its name. It is 
ttreesed either with fine sand or very fine emery. For 
polishing, crocus niarli of the finest sort is used. The 
velocity with which these polishers and bufis revolve is 
only about one twentieth of that required for the grind- 
stone and the giazer. These buff's and glazers admit of 
being applied interchangeably in one another's place, by 
■tnking out the wooden nogs or wedges at G, in which 
the ends of the axle are JnseFtei!. 

D is the drum or cylinder connected with the moving 
power, and over which are carrieil the leather banils 
E£E, wliich, passing thence round the pulleys on the 
axles of the atones and glazers, give motion to the whole. 
These glazers frequently revolve at a rate considerably 
exceeding a thousand feet per second; this amazing ve- 
locity is acquired by making the pidley of the glazer very 
email, so that ita number of revolutions in any given 
time are computed according to the size and speed of the 
drum cyhnder. To reduce this speed to the slowness 
proper for the polisher, the strap, instead of passing round 
the drum, merely runs upon the shaft, which Ib left 
round for this purpose. 

F F F represents what Is technically called the hurting, 

•■ bang, in fact, the seat or saddle upon which the grinder 

'la astride while at work. It is stoutly made of wood, 

d ao placed as partially to cover the stone : over this 

IT each end, are carried two girders of iron ter- 

j in hooks, by which they are linked to the 

n H with massy chains. The necessity of these pre- 

'ona is rendered awfully obvious to those who are 

B of the many fatal accidents which have happened, 

d the danger consequent on tlie flying lo pieces of a 
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grindstone while revolving with such an amuing «< 
It not unfrequendy happens, indeed, notwlthsluulin 
every precaution, that the grinders ore Idiled or lautilUf 
by the breaking of their etones, fragmenia of whidilun 
eometinies been known to drive the slates oS'ihe raof d 
the building. Stones are liable to dy on various accou: 
rather hecause they i«ntain some fracture in their ■ 
stance, by being allowed to become alternately wet a 
dry, hut most frequently from too hard wedging a' 
the axle, in which caae ttie wood swelling with t 
moisture cracks the stone. In order to dinuniab t 
danger attendant on such accidents aa much u poiaiUl 
the main grindiiig-stonb is always placed in front of df 
machinery. It has likewise now become a general prat 
tice to affix against each side of the stone a stout ita 
disc, or tai^ circular pkte, through which the *x! 
passes: this contrivance tends very much to prevent di 
flying of the stone. Instead of the hard wedgiog^ of d 
axle in a very small hole, as in the common method, j 
is passed through these plates, which are fitted and ' 
against the stone on each side, so aa not only to seoua 
in this manner, but, hy rendering central wedging uiu 
ceasary, and by removing the torsion to a distance fit 
tlie middle, the liability to fly on this account is pn)p< 
tionately diminished. Fiff. 83. presents asuperfidal yi 
Fig. 83. 




of the machinery described above, including also the 
drum, the spur, and water-wheels. 

Besides the imminent danger to which the grinder j 
exposed from the breaking of stones, he has to do with : 
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more inudious and not less fatal enemj', in the continual 
inhalation of minute pnrticles of dust and ferruginoua 
matter evolved from the stones, more especially during 
die process of irhat is called dry-grinding. The forlt 
and needle grinderB, tlierefore, who uie no water upon 
their stones, and whose faces are constantly enveloped in 
thia deleterious atmosphere, are most coTtinmnly the vic- 
tims of this evil. The pemicions effects of the contact 
bere alluded to, manifest diemselvea in a complaint known 
as *' the grinders" BBll'.ma," the occurrence of which is 
so certain, and the progress so unrelenting, that in a hody 
of men, consisting of several thousands, in a single town, 
very few of them arrive at the age of forty-iive ! In- 
deed, among the fork-grinders, it is very rare to meet 
with an individual thiriy-six years old, espedally since 
the grinding has been so generally transferred from the 
water to the steam wheels. In the former of these, the 
men worked in large lofty rooms, which did not contun 
more than six or eight stones, were open at the roof, 
otten without windows, and generally with the lai^e cog- 
wheel in the insirle ; thus, such a complete circulation 
of the air was eRbcted, that the small quantity of dust 
ruaed from these few stones was soon carried away. 
Moreover, for several months during each summer, they 
could not work more tlian four or five hours a day, owing 
to a scarcity of water. With the steam engine a very 
important cliange has been introduced : the grinder now 
works in a small, low, glazed room, where there are ten 
or twelve stones, and the doors and windows kept almost 
constantly shut ; hence, while a greater quantity of dust 
is evolved from so matiy stones, there is a proportionately 
less circulation of air 10 carry it away. Nor does the 
perpetual operation of the steam wheel admit any of 
those seasons of relaxation for the recovery of health 
which occurred under the old system. 

To diminish or disarm this dreadful evil, various plans 
have been propoeed ; such as that the grinder should 
wear about his neck a suit of tnagnetii ; these, although 
^ey collectetl a sufSciency of the metalhc particles to 
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exhibit ibe danger in all iu hiileousDeBs, did not at 
the itone dust. To meet this remaining evil, a gauzecoii 
fur (he moudk tt»» added ; the inconvenience, hown 
of these aehemes, to say nothing of their ineffieienfi 
formed a sulRcient obstacle against iheir genertl adof 
tion. It must be added, however, that much pniie W 
due to Mr. J. H. Abraham, an intelligent Sheffidj 
gentleman, for the numerous maf^etical expcnman 
which he undertook, in order to bring to perfection tl| 
method, and which certainly drew tlie attention of I^ 
]iubhc and scientific bodies in a particular manner. T) 
Society of Arts awarded to Mr. Abraham a medal for h 
investigations on this subject. 

The moat succeasful apparatus for abating this dangc 
has been invented by a person of the name of Elliot 
whose ingenuity has likewise, Yery properly, been v 
warded by the gold Vulcan medal of the Society of .Ait 
Mr. Elliott's contrivance consists simply of a long b 
or wooden chimney, placed opposite to and par 
covering the stone in front, while the other extremitf! 
carried through an aperture in the wall : in this ai _ 
ment it is found that such a current of air is excited II 
the mere revolution of the stone as lo carry the d 
evolved therefrom through this funnel, whence it a 
sometimes be seen issuing at the outside of the buildinj 
It might naturally he tliought, as human life is " 

so highly prized, that no inconvenience would b 
too great to be submitted to, when its preservation mi 
protraction are tlic reward. But although these grindsi f 
have certain disease and premature death before thenilj 
yet, as these effects are not instant and ohvioaa i 
their approach, not only are the troublesome w 
and magnetical collars discarded, but the more si 
and less inconvenient contrivance above described I 
often lost si^ht of! Persons employed in ftre-gildin| 
Bud others wlio use mercury, are, it has been ohsi 
compelled by the intolerable evil of sore mouths, & 
to take the necessary precautions against the eff 
poxious fumes ; but the grinders, stimulated by n 



e consequeneea at de- 
• sum of life 
i but litCe 
ir altogether 



327 
immeilisle indmations of an attack c 
hardly lesa fatal, teem to 
fianct: ; as if tliey considered thai, ei 
niUEl be diBcounted so largely, it inatleri 
whether the amount be paid by instalments, o 
Bi the laat. 

The n}anipulation neceseaiy to produce tlie moEC 
cKctive cutting eilge is of u very varied descriptjon. 
The broad flat surfaces of loola are traversed quickly to 
and fro upon the top of a grindBione, aa a short period 
of rest would grind a hollow place of the same curvature 
M the edge of the stone. In the razor, on the other 
haad, the curvature is desirable. In grinding an or- 
ditiaty plane-iron, the stone travels towards the operator, 
and the tool is applieil about half.way up the slone from 
" ■ Carpenlers' chisels are ground in the same 
as plane-irons. Almost every variety of tool 
Bqllirea s particular mode of treatment at the hands of 
e grinder. The peculiarities of holding the diiferent 
s and shapes of the faces of 
ioditonea — cannot be detailed in the present treatise, 
auhjcct of sharpening 
Ib upon the oiUtone. On these subjects the reader 
g information is referred to those books which 
cat e^ecially uiion these BiihiTt-. 
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The manufacture of files, whatever msy have been 
origin or antiquity, is unijoubtedl; of first-rate import- 
ance, botJi as it regards the place which it holds among 
our Hourcei of productive industry, and as iiirniBbiiig 
aa instrument of indispensable ntility in the working of 
all metallic aad many other solid subslances. Wht 
uodet what drcumstancea a tool now so common as ihs 
file WBB introduced into the workshop of the artificer, 
does not appear; its ute, however, roust have prec 
every stop in the progress of finishing articles compoaed 
of iron and steel in all cbe«s where any intricacy of abspe 
precluded the operation of grinding. That grinding, in 
the simple sense of sharpening a tool or a weapon by 
rubbing it upon a atone, must immediately have followed 
the invention of forging iron, may be safely inferred 
from the fact, that even in barbarous countries where 
the art of extracting iron from the ore is not yet known, 
the savages arc in tlie habit of pointing and edging their 
darts and their knivee, whether of bone or of flint, b» 
working them with unwearied peraeverance against the 
surface of some abrading material. 

To this rude method of perfecting the form of early 
implements by simple attrition, the file in all probability 
■uoceeded; for, however common tlie revolving gnnd> 
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It m&j htve been for many eenturiea past, ft ccr- 

Q claims to be considered ai of equal anti- 

If vith ibe file. If we are u> construe etrictly a jias- 

JB in the first boolc of Samuel (c. viii. v. 21.) it might 

tcn^osed tliat the Hebrews at ail events were unac- 

gudnled with the useful process of griDding, for in per- 

■ ftiming their smitba' nork, we are told, " they had a file 

I fa die mattocks, and for the coulters, and for the forke, 

liiirtbeaxeB, and to sharpen the goads." In Homer's 

; book viii. hfie 273— &TS., Vulcan is repi^ 

t tDuiufacturing, by means of hammer and 

" 1 which lie afterwards en- 

m an and Venue. And almost every Latin school 

^vfaether given to versifying or not, will recollect the 

e alluEiDn in the Hor«tian precept {Art. Poet.) 



I, however, these ancient and diversified uses 
e file have become obsolete : the makers of agri- 
, implements, and more especially the wire- 
dnwers, have long since discarded such assistance ; as 
to die metaphorical file, we must leave modem criticB 
and poets to settle between ihem the question whe- 
Aer the materials nith which ihey have to do are 
more tractable, or their instruments more perfect, than 
those of their predecessors; it is, at least, certain, that 
few " ballad mongers" of our day would think of labour- 
ing for " nine long years" in furbishing their produc- 

The material of files is invariably steel: but steel of 
very different degrees of value and excellence is wrought 
into articles, the weight of which, as well as the price, 
Aimish strong iucenlives to deterioration. Jt must be 
obvious, nevertheless, that there are few descriptions of 
hardware in which the quality of the material is of more 
IS constituting the base of utility. An axe, 
rely of iron, may by additional labour be 
s duty on the wholf; a saw, however in- 
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ferior iis subaimice, can, under most circumslanca, b 
repeated renovations of its leelh, be used till it be ircn 
out ; and caldng instruments in general, by inecMI 
wlietling, rarely fail to be ausceplible of bearing m cd| 
more or less efficient : but for a bad file there is no n 
niedy — no process of restoratioii. Let it he too Nl 
and immediately on application the whole toothed « 
face of the file is crushed down, and ceases to be of n 
ose whatever for its intended purpose ; if i«i hard, a 
the other hand, the teeth, so soon as they come into OK 
Uci with the body lo be acted upon, fly off with CT8 
Mrolce; the file thenceforward becoming, if not quit 
useleBS, certainly a coarse irregular rubber. 

The general liability to these defects, whidi fi 
kttacheil to files manufactured cheap and for s&le meid] 
gave a high value to certain marks well known ii 
trade both at home and abroad: hence instance) o 
falsification of these marks by surreptitious venders, haf 
not been uncommon. On one occasion a veaael wi 
blown by Btress of weatlier into the port of Hull, iumn 
her cargo so dami^ed by the water getting into the itol 
ihal it was deemed expedient to open out many of d 
packages, the contents of one of which were found I 
conust of a large quantity of German-made files, b 
with the monogram of a celebrated English ntsnof 
turer ! One of the most famous of these marks was i 
granted many years ago by the corporation of S 
to Daniel Brammail ; and as an illustration of it 
may be mentioned the fact, that in 1825 the r _ 
Dser obtained a verdict irC 200Cli. damat>eE against a Sir 
mingham li!e-inai<er far having struck it fraudulently o 
articles made by himself- 

Bteel intended to be wrought into files, whether ufU 
ahearing or casting, is brought i[ilo bars under the ti 
or by the rollers, as conveniently near lo the ultimal 




Btriker, «re required to draw out ihe lai^er lilea with 
bammers differing exceedingly in shagie from those used 
by the blade-forgers. The smaller of these bammers, 
vhich is that used by the hearthman who holds the 
article «nder the operation, resembles a tnineated eone, 
Ac wider end of which is the face, and in ilesigned to 
cover a considerable portion of the surface of the file at 
each stroke, and while it expands, at the same time to 
Jerd it : that wielded by the striker has a face at either 
end, and is of considerable size and weight: they are 
bodirepreBeiited in the engraving. Three-square and half 

Fig. 84. 
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id files, are usually furged i g 
in the anvil ; (he making 
ones, however, has been much 
by the invention of a method 
Tods of steel, by passing the m 

sppareolly a very obvious process, but one, as 

'ds the article for files, by no means of easy attain- 

consequence of that perfection of surface which 

indispensable. As the articles forged are generally of 

a considerable substance, and therefore while hot are 

very soft, they yield no rebound of the hammer, as is 

the case in mating table-knife blades ; this circumstance, 

especially in the large half rounds, causes the operationE 

of the hammermen to be exceedingly laborious. In this 

process the file is formed, the tang drawn out, any looee 

pieces cut from the surface, and the mark impressed with 

Bteel punch. 

The next operation is that of lighting or annealing. 
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in order ibat the steel miy be so mftened as to Ailmit of 
being cut witli Eiifficieiit esse b; means of a cbisd, who' 
the teelh are to be rnlBul. For tliis piupoee, llie £let 
are dlher placed in an ordinary open fire, or, accordii^ 
to faeller practice, luiwcly piieil upon the bolCoic of A 
brick orm ; a Are is then kindled below and around the 
|>ile, upon which the heat is thrown with conalderaUs 
inCrauiity, and its effect accelerated or reduced by mean* 
of dampers. After ilie heat has been kept up abont 
four and twenty houis, and the articles f 
auffidcDlly wift, every aperture is closed ; the juk ii 
smolhereit widi ashes, and in this Etaie the whole ii 
allowed alowly to cool. This is the usual method: il-.^_ 
cues, however, where it is desirable to preclude thct 
alightest degree of oxidation, it is necessary to shut out 
the air altogetlia', by eticloaing the articles in a box i 

COffilT. 

The file is now in a state either to be ttrif^^ or 
ground ; the former is the method adopteil in Lancuhirs 
and other places where grinding wheels are not cdhudoHi 
It consists in smoothing the surface of the soft Uu^ 
bj the application of a good hard file, used first Kxtmi 
md ttien drawn along the surface of the article under 
preparation : it is an old asd Uresotne operation, but 
admila of being performed by those who are accustOBie^ 
to the labour with considerable facility and complete 
success. The more general and ready course, howenr. 
is to prepare the surface of the file for cutting, upoa tfa^ 
reviving grindstone, after the manner of cutlery in; 
general. As the production of a level surface is the end' 
especially sought by the grinder, the stone employed is 
mosdy one of lari^e circumference; and it liat beoii 
made a question whether or not it be possible lo obiaia< 
a sur&ce so imiformly level throughout on the stone u 
bytneans of the file. As the highest degree of escdknte, 
claimed for both methods depenils altogether upon the ev*. 
perience and the expertness of the workman, it is probabW 
that, if the clegree of perfection attainable by the stt^, 
ping process have not been overrated^ the inference 
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it» practicable uniformity may ha.ve been ; at all erentt, 
the eapensiveiicBi of the Lancashire operation prcelada 
iu adoption in the ordinary manufacture of la>^ filei. 

The files thus prepared are carried to the cutting 
(hop, to undergo the process most material to their nlti^ 
-mate exeeUence. For lh» purpose, the workman, -who 
aits up to hia anvil, astiide a board or saddle, pUcn the 
file about to be cut upon a piece of lead, and by meam 
of a strap, somewhat resembling a shoemaber's stirmp 
leather, passing over each end, he detains the article in 
its place with his feet. He then takes his hammer, and 
■ amaUish chisel, made of the beat steel he can get, and 
TCry neatly ground and whetted, and commencing at the 
pcont, proceeds by a succession of smart strokes, to rat 
die surface across in parallel furrows, with the most lin- 
gular dexterity, rapidity, and exactness ; practice ena- 
faling him to maintain uniformity in depth and distance 
niber by feeling than by sight. In this state the file 
is what is called a itagle-cut, and is generally designed 
tobensedupon brass, ami the softer metals: forworking 
iron and other materials, the single lines are closely cut 
«vcr diagonally, and the file becomes a croii-cnt; In 
Other words, the surface, instead of presenting a succes- 
sion of exactly parallel scrapers, offers a congeries of 
keen teeth. For the production of the cutting surface 
of files for wood, instead of a fiat edge taking the whole 
breadth of the work, a triangular pointed chisel is used, 
which, on being struck into the steel, drives up little 
pointed portions, mare or less numerous or elevated, as 
iha instrument may be required for rougher or finer 
These, as well as some of the more deep and 
-OBS'CUtE, are called rasps. 

a the apparent simplicity of the process, and the 

it mechanical regularity of awoke exhibited by tlie 

an, fen reflecting individuals can overlook the 

tttioD for many minutes, without having suggested 

irmindsan idea of the practicability of substituting 

nery for manual labour in the cutting of files. Nor 

Is the case wiili the unscientific observer merely ; 
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mechaiuciins of firHt-rate ingenuily have both c 
and executed engines for tliut purpose. Among othen 
any be mentioned Mr. Nicholioii, who obttiiietl a paient 
for complex ■ppsrstus, which he described at cansider- 
ahle length and with great tninuteneis in the Philo- 
lophical Journal, in which work he Ukewise refers ti 
kbours of his predeoesBors in the same track of in 
tion. The passage in which this ingenious practitioner 
hu described the process of thought and experiment 
necessary to the successful demonstration of practical 
usefulness in macliinery, is so relevant to the subject be- 
fore us, that its perusal cannot fail to be gratifjing: — 

" We will suppose," says the writer, " a very acuti 
theorist, who is not himself a workman, nor in the haU 
of superintending the practical execution of machinet^f 
to have conceived the notion of some new comlnnatiol 
of the mechanical powers to produce a determinate tSB&et 
and, for the sake of perspicuity, let us take the exam{di 
of a machine to cut ^ea. His first conception will h 
very simple or abstracted. He knows that the doIcIul 
in a file are cut with a chisel, driven by the blow o{| 
hammer, by a man whose hands are employed in ippl])! 
ing these instruments, while his foot is exerted in hi^ 
ing the file on an anvil by means of a strap. Hence b 
concludes, that it must be a very easy operation to ft 
the chisel on a machine, and cause it to rise and fall b 
a lever, while a tilting hammer of the proper size mu 
figure gives the blow. But, as his attention become 
fixed, other demands arise, and the aulyect expands be 
fore him. The file must be supported upon a bed a 
mass of irun, of wooi!, of lead, or other material: 1 
must be fixed, either by screws, or wedges, or weig^bf 
or some otlier effectual and ready contrivance : and tl 
file itself, or else the chisel with its apparatus for stril 
ing, must be moved through equal determinate spac 
during the interval between stroke and stroke, which nii 
be done either by a ratchet-wheel or oilier escapement 
or by a screw. He must examine all these otyectt, an 
his stock of means, in detail ; fix upon such me&o^ | 
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^^B«oiKxives to lie ihe most deierviiig of preference; 
^^^Kfcine, organise, and arrange ihe whole in his mind ; 
^^^twbich purpose solituile, darkness, and no amaQ de- 
HHIe of mental effort will be required. And wtien thjt 
' ^rocesg is cooBiderably advanced, he must have recourse 
to his drawing board. Measured plans and sections nitl 
then show liim man; things which his imagination be- 
fore disregarded. New arrsngemenls to be made, »t\d 
vafyreaeea difflcultiea to be overcome, will infallibly prv- 
nnt themaelves. The first conception, or what the world 
prita the invention, required an infinilel]- small portion 
of the abUily he must now exert. We will suppose, 
however, that he has rompieted his drawings ; stiU he 
posieBses the form of a machine only ; but whether it 
shall answer his purpose depends on his knowledge of 
his laaierials. Sione, wood, brass, lead, iron forged or 
cast, and steel in all its various modi fi cations, are before 
him ; the general processes of the workshop, by which 
firmnesa, truth, and accuracy are alone to be obtained; 
and those methods of treatment, chemical as well as me- 
chanical, which the several articles demand : — these and 
iiuinbertesG other practical objects call for that skill and 
attention, which may either lead to success, or, by their 
deficiency, expose him to the igncrance or obstinacy of 
his workmen." 

It is said that, more than two centuries back, a French- 
man published a drawing and a description of an appa- 
ratus for cutting files, on the principle generally adopted; 
several otliers have appeared in French works ; and the 
mechanics of the United States have announced, at 
fewest, two or three contrivances, having the same ob> 
jecl. A machine for this purpose was described and 
figured, several years ago, in the Transactions of the 
American Philosophical Society. The article is curious, 
M exhibiting one of the approaches toward that substitu- 
tion of machinery for manual labour, which, in the article 
«f cutting Hies, is held to be unatlaJnable, — at least, 
which may be said to be unattained, while, notwithstand- 
B the number of plausible inventions, there probably 
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into the bench, nearly equidiadml from each end thereof 
near the aige, and Uiteclly opposite to each other. 

G is the lever or arm whicli carriea the cutter (fixed bj 
the Bcrew I), and works on the centres of two screws 
K K, which are fixed into the two pillars abovemen- 
tioRed,iti s direction right aoroas the bench. B; tightening 
or loosening these screws, the arm which carries the 
chisel may be made to work more or less steadily. 

L is the regulating screw, by means of which the flies 

may be made cou-ser or finer ; this screw works in a stud 

wUch is itself firmly screwed upon the lop of the 

. jillar F. The lower end of the screw L bears against 

'le upper part of the arm G, and limits the height to 

a Bteel spring, one end of which \» screwed to the 
I F, and the other end presses against tht pillar O, 
U Oxed upon the arm G ; by its pressure, it forces 
B said arm upwards, until it meets with the r^;ulating 

a claw at one end, marked 6, the 
other end is fixed by a joint into the end of the stud or 
pillar O ; and, by the motion of the arm G, is made to 
move the ratchet-wheel Q. This ratchet>wheel is fixed 
upon an axis, which carries a small trundle-head or 
pinion R on the opposite end ; this works into the rack 
8 S, which is firmly screwed against one aide of the car- 
riage : by means of this contrivance the carriage has 
motion communicated to it. 

T is a clamp, for fastening one end of the file Z Z in 
the place or bed on which it is to be cut ; V is another 
clamp or dog, at the opposite end, which works by a joint 
W, firmly fixed into the carriage. 

Tis a bridge, likewise screwed into the carriage, through 
which the screw X passes, and presses with its lower 
end against the upper side of the clamp V ; under which 
clamp the other end of the file Z Z is placed, and held 
flrmly in its place wlUle being cut. 

7 7 7 7 is a bed of lead, which ia let into a cavity 
fWmed in the body of the carriage, something broader 
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and longer than the Ingest aied tilea ; the upper fiue 
this bed of lend is formed variouBly, ui as to Bt die d 
ferent kinds of tilea which may be required. 

9 2 are catches which fit into the teeth of the mtdw 
wheel Q, to prevent a recoil of iu modon ; 3 3 a farid| 
lo support one end of the axis 4, of the ratchet-whea 
5, a stud to sapport the other end of the axis. 

When the file or files are kid in their place, the nu 
chine niUBt be r^ulaied, to cut them of the due 
of fineness, hy means of tlie regulating screw I. ; wb 
by passing farther through the arm M, will tnslte 
files finer ; and, vice ver^d, hy unscrewing it a littlCi ' 
make them coarser. 
" H'hen the machine is thus adjusted, a hlindman,"i 
the original description, may cut a file with more esi 
ness than can be done in the usual method with the ke 
eat sight; for, by striking with a hammer on die fa 
of the cutler or chisel H U, all the movements are tt 
work ; and, by repeating the stroke with the hama 
the files on one aide wiU at length be cut; they n 
then be turned, and the operation repealed for cuti 
the other side. It ts needless lo enlarge much on 
utility or extent of this machine; for, on exsminatioi 
il will appear to peraons of but indifferent mechinic 
skill, that it may be made to work by water, or 
power, as readily as by hand; to cut coarse or fine, 
or smal] files, or any number at a time ; but it may 
more partimilarly useful for cutting very fine an 
files for nalchmakeis, as they may be executed i 
this machine witti the greateiit equality and nicetf im 
ginable." 

That the machine just described would cut commt 
files successfully may appear likely enough to a me 
theoiist in the use and manufacture of those arljclei : ' 
a. JUe-maker, or afik-veer, its inefficiency to prodni 
good workmanship in tlie deeper cuts must be instant] 
apparent. Its applicability, or rather the applicability i 
some such principle, in die toothing of extremely &ii 
faced files, seems conceivable, as in such artides ihf 
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Mt or direction of the teeth ii a mstlcr of much lees im- 
portance than perfect equalily of aurface. The double 
(iead cut fiie« of the French exhibit such a beautiful uni- 
toimity of delineation when exaniincci with a magnifier, 
that no doubt seemii to be entertained, by majiy persons 
conversant with the art, of their beiu^ cut by maclunery 
of some sort. But although the French are eo auccesafiil 
in the pruduction of this exquisitely delicate cutting, they 
are not equally so in [he execution of the rougher sorta; 
and, consequently, English files sre in hi^h reputation 
in Paris, whither large quanudes are regularly transmit- 
ted. The very perfection of cutting exhibited by some 
foreign files has been made a grouiiil for iheir r^ection 
by some persons. We knew an individual in Paris, who 
muiufactuied very tine, smooth watchmakers' files : the«e 
were cut in the common manner by his two daughters, 
but witli such exquisite beauty and regularity, that al- 
though most highly valued by those who knew them, 
were by others regarded with suspicion, if not denounced 
alCogetlier, as being machine-cut. 

Some descriptions of rasps, especially such as are used 
upon wood and other soft substances, are left in their 
soft state after being cut, not oidy because little hardnesg 
is requireil, but mainly that they may be sharpened up 
witli a file occasionally. Some sorts, too, have been 
made entirely of iron, and case-hardened. Mr. Martin 
Mya, " The carbonaceDua niatter may be readily obtained 
from any of the soft parts of animals, or from blood. 
For this purpose, however, the refuse of shoemakers and 
curriers is the most convenient. After the volatile parts 
have been distilled over, from an iron sdll, a bright 
shining coal is left behind, which, when reduced to pow- 
der, is fit to be mixed with the salt. Let about equal 
parts, by bulk, of this powder and muriate of soda be 
mixed together, and brought to the consistence of 
by the addition of water. Or, mix the powderetl carbon 
with a saturated solution of salt, till it become of the 
above consistence. Files which are intended to be vi 
bard should be covered with this ci 
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to harJening. By this metlioil, files made of iron, wbii 
ID itself is iusuGceptible of hardeniug, acquire 
fidal hardness sufficient tci answer the purjraies at 
file whatever. Files of this kind raay be bent into 
form, and, in consequence, are rendered useful 
■nd die-sinkers." Mr. Gill, an individual exceedin^y 
convenant with these matters, staled, in 182S, tbu 
"through the kindness of that eminent sculptor, iim. 
late Mr. James Smith, he was possessed of a half-tannd 
rasp, made in Italy, which fully possessed the admiratde 
qoaliciea of bdng as hard as usual, and yet admictii^ of 
being bent into any form of curvature. During the wfr- 
such rasps became exceedingly scarce and dear." 

In the hardening of tiles In general, success depeidr 
not merely upon the method adopted, but upon tbe iu« 
union of care and experience in the workmen. Variaa 
corapositions have, hy different individuals, been adi^teA 
PI recommended as most efficient to protect die tooAat 
surface of ihe ardcle against scaling, and, conseqnmdf, 
lodng much of its sharpnees when heated reil-hoL TbM 
mixture used by some of the moat celebrated mmu&e<1 
turers consists simply of the grounds of malt liquorJ 
yeast, and common salt, crushed small : with this stun 
the filea are thickly smeared all over ; tliey are dnd 
heated in s fire of clean cokes, to a sort of worm-Kd^ U 
the course of which besting each file is occasionally wilM 
drawn, and any bends or twists corrected by striking H 
with a small leaden hammer, across two pieces of dH 
same metal placed upon a block at a convenient bri^H 
for diat pur])OBe. The file, on being sufficiently healeM 
is then, if a square, or flat, or three square one, dippm 
perpendicularly in water up to the tang : by this pKW 
cess it generally acquires a set or bend of a greater « 
lesfl degree of curvature. To restore the shape, the fflfl 
is withdrawn from the tub before it is thoroughly coi^ra| 
throughout, and being placed, the point under a statH 
and the middle across some competent support, the woim 
man leans willi his weight upon the opposite or tang eo^ 
meanwhile ladling the water with his hand upon thesa-j 
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perigr aiuface. By this tneans a degree of crookednMa, 
amounting in some cases to almast a quarter of an inch 
ID & foot, is effectually mluceil ; and what appears most 
reRiarkable in diis manipulation, is, that the Hie in this 
imly partially cooled hut absolute'y hardened state, never 
breaks under ■ sCreis more than fifty times sufficient to 
snap it when cold. This ptienomenon of latent temper 
^■nore particnlarly observable in the hardening of h jf- 
1 ffles, which, in order to counteract the superior 
' 1 of the convex side during immersion, are 
nioudy bent to about the same extent in the opposite 
' m, and plunged horizontally; at the same time, 
1 requiring a very violent effort of the workman to 
come the distortion. 

^joining the hardening hearth is usually jilaceil a 
'i, upon which the files arc well scoured with a brush 
into water and sand, to clean out whatever «d- 
I the cut surface ; tlicy are then passed through 
n which quicklime has been dissolved, in order 
10 TieulraliEe the effect of any saline particles diat might 
otherwise cause the steel to rust : they are, lastly, after 
having been cotnpietely dried before the fire, brushed 
over with oil. These courses of scouring, washing, and 
culitig are generally perfomied by women. 

A good file is, in most cases, so brittle as to be ex- 
tremely liable to break if suffered to fall upon a hard 
floor: workmen, however, too often find that, besides 
ihe danger of breakage from this and Uke accidents, the 
instrument will liot unfrequently snap asunder by the 
tsiig, in consequence, principally, of the reduced auh- 
tnce of the tatter. To remeAy this defect, some of [he 
it makers temper the tang end of the file by dipping it 
h ■ bath of molten lead. 

[ Files, it may be remarked, are not only an article of 
It consumption in our home manufactories, but lik^ 
wise of heavy export, — Uterally Aeavi/, indeed, for it is 
nemarked that hardly any description of metal goods, 
not even excepting large anvils, admit of being packed 

K casks with such ponderous compactness as the larger 
. 
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tort of squur (Sies. Before the revolution, France 
munlf indebted to this country for her best worldag 
files ; uid many English Anns dealt directly with the 
Parisian Bbopkeepers, though in general the merohanl 
were the fsctore. The war, however, by intenupl' 
the commercial intercourse, and edmulating the n 
nical rivalry of the two nations, compelled oor ingi 
neigbbouTB to put their own artiHaus to the lest : 
tural, perhaps ■ useful result of hostile, rivaby, 
such drcuro stances, must be, to beget a prejudice 
TOUT of native productions, not likely lu allow those 
its influence lo weigh with scrupulous accuracy the i 
of foreign competitoTs. 

Viewing the matter in the above light, it will not 
uninstructive to peruse the subjoined detail of esj 
tnenls made upon the files of both couuiries. 
translated fram tlie Register of the Frencli Lye 
the Repertory of Arte, 1801. Besides the impoi 
of the result, there is a racinesa of the bombast 
it, which, at this distance of lime, and under the pre- 
sent circumstances of the two 
amusing as well as admonitory. 
.Mr. Gili, that the celebrated 6 
Paris, and whidi, it is said, would reuUy 
abrade English ones, as mentioned below, owe Ihejr 
hardness to being dipped in the foUowing compOEition : — 
Two pounds of mutton suet, not rendered, but only 
chopped small; two pounds of hogs' lard; two ounces 
of white arsenic, powdered. These, lieing put into an 
iron vessel, with a cover fitted lo it, must be boiled, 
until a handful of trioufe-ffir {Hi 
gathered, and which had been put 
first, shall become crisp, and Boat on the surface of the 
liquor ; a proof that all moisture is driven off. This 
operation, as well as that of quenching any article in it, 
in order to harden it, must be performed under the hood 
of a smith's forge-hearth, so as to carry off as much as 
possible the noxious atsenical fumes which arise; and 
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fc Operator ought also to cover his tnoulh and nostrils 
Lit prevent his iuhaling them. 

Tttt following is the Lyceum Report alluded to : — 
" "Punce h»s long been furnislied with files by the 
Iw^ilh, The superiority and beauty of the English 
^la were universally acknowledged, and we connimed 
felmally to the value of scversl millions of livrea 
I " Citizen Rsoulj a French artist, defiirous of procuring 
^llU country the same superiority in this maniifacnire 
pbidi it already posseai^ in many others, has sticceedeil 
inufacturing more beautiful and .better files than 
> with which England has hitherto excluuvely 

'* Comparative trials have already been made and 
repeated. The moat eminent artieta have given their 
pinion In favour of the files of citizen Raoul; and the 
Lyceum adjudged an honorary crown to him on the 
JOth Thermidor, year 8, upon the report of its commiB- 
Gariea, who had verified this di^overy. 

" It it wdl known that, even amongst the liest Gnghah 
files, it is difficult to make a selection of any number that 
thall prove all of equal quality; whereas those of citizeti 
Raoul, on &« contrary, have been found to be all of 
uniform goodness. 

" The Lyceum of Arts, one of the principal objects of 
whose institution was to give publicity to national disco- 
veries, conceived that a sure means of producing an uni- 
versal conviction of the superiority of citizen Raoul'a 
Gles would be to call upon all artists, amateurs, and all 
the di7ectora of large manufactories, to make a compari- 
•on of them. 

" The Lyceum, therefore, invited all persons who 
interest themselves in the progress of the arts and the 
lioKiiurs of the French nation, to bring the best English 
lites ivhich they possessed, and to put them in compe- 
tflion with Ales of the «atne grain manufactuted by 
nRaouL 

e competition took place on the fourth comple- 
yilay of tlie year f). 



"Citi Ben Mull 
presence of ctlii 
poinleil by the government. 

" CiCJEen Balthaiard, junior, wslchmaker, pren 
file, which is recogniseil by [he cnmpuuy to be an B 
one, Ul() marknl T ; it is a smoolli ul' four incbea. 
tizen Bouriiies, watchmaker, present* BDothet, 
B. T. BramaU. 

" A citizen, nho had tiBvelled in England, i 
conierBant in the Englisli manufactories, comes 
to examine these files, which he recognises to 
English. 

" Erptrriinenl I. — The grain of the file presented bjp 
cidzen Bslthaiard, junior, i< exaraineil, and matched 
with one of citizen Raoul's files : some of the » ' 
present observe that tlie grain of the latter is f 
coarser, which gives the English file the advantage il 
the proof. Citizen Meyer, watchmaker, makes the « 
peiiment ; the English file whitens (^blanchit). CiliMtf 
Balthazard himself makes the Eanie ex|)eriment upW 
both Bides, both of his own file and of that of RaoalJ 
and [he same effect is produced. 

"Acitizen requests that more experiments be made,)1 
order that no room may be left for doubt; posubly, 1 
says, it might otherwise be suspeclcd ihat the Ei^i 
file has not been tempered. Several other dtUeni a1 
served tliat such a fact could not exist, as the file hi 
filed effectively, and only whitened, which oould oni 
happen in consequence of its having been tempered. 

" EJiptrimmt II. — The file of citizen Bourdler] 
brought to the trial ; it is endeavoured to match i 
grain with some of Raoul's files, but none is found exactlj 
similar to ' 

" Einperimentlll. — Ciiizen Petit, an artist, bdongin 
to the raanufaciory of arms at Versailles, presents a f" 
marked T ; it is endeavoured to match its grain : t 
choica having been made, ciii/en Petit acknowledges it 
his file is finer than that opposed by citizen KaouL T 
assembly verifies and admits tliis fact; iiom wbenoe i 
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follows thai the proof is ni^e in a manner unfavourable 
to the Ble of dCiiien Raoul : citizen Petit tries the tile 
liiinEelfj and acknowledges that the euperioritif is entirely 
on the aiile uf the files of citizen Raoul, anil that in a 
very striking manner. The experiment was made by 
commencing alternately nith one of the sides of each of 
tlie files that were put to the proof. 

" £iFperime!it IV. — Citizen Provost presents sevea 
files, which he aays he has poBsesaed fifteen years, and 
procared thera directly from EngUsh manufactories. 
,Xheir denomination and marks are is follows: — 

tA smooth, half inch round, 8 inches, marked G. 
. Binooth, 7 inches, marked B, Brsmall. 
Ditto, bastard, 6 inches, marked B". 
Ditto, round, 4 inches, marked B*. 
Ditto, S square bastard, 3^ inches, marked B." 
. Ditto, round smooth, 3 incites, marked I. P. 
Ditto, flat smooth, 3 inches, marked T. 
Erjierimenl V, — No. 1 . is brought to the proof, and 
■Satched. Citizen Lenoir makes die experiment; the 
English file soon whitens, whilst that of citizen Raoul 
does not, and those who examine it declare it to be 



" ExperinientVl. — No. 2. is put in competition with 
a stronger file, which gives the advantage to the English 
file ; it sustains llie trial better than the preceding ones ; 
however, that of citizen Raoul seems to deserve the pre- 
ference: the assembly then demanded that these file* 
should be tried upon a higher, tempered steel ; the En- 
glish file whitens, that of citizen Raoul completely reuats 
in two trials. 

"ExperimentVIl, — No. 4. is put to the proof by citizen 
rBpine, watchmaker. Place des Victoires, at first upon 
Rteel moderately tempered ; the files sustain the proof 
almost in an equal degree; that of citizen Raoul haa 
the advantage : the experiment is repeated upon harder 
Bteel ; the advantage still remains, and that in a more 
decided manner, with the file of citizen Raoul. 
t^' ExperimerU VIII, — No. 3, is matched with a file of 



drixen Rnoitl, of a ralher BiTDn$i;cr grain ; cii 
walchmaker, of cbe Quai d'Horlogr, makes the txj 
meat : snd having tried the eKperimcnt upon the 
■t«l, without any decided adiaiilage appearing on eit 
dde, he employed harder steel, upon which the Eng^ 
file No. 3. completely whitened, but that of citizen ~ 
resisted in the most perfect manner. 

"Experiment IX, — No..^. being matched, the i 
ment ii made by citizen Sallot, watchmaker, at fir 
(teel moderately tempered ; upon the lir«t stroke, 
English aie whitens; that of citizen Haoul 
completely. 

" Experirnent X. — No. 6. is matched in the same man- 
net. Citizen Schey, manufacturer of cut steel, Faoxboui^ 
St. Denis, makes the expenmenl, at first upon steel of 
the softest kind ; no decide<l advantage results to either 
of the two tiles : he then repeats the experiment upon 
harder sleel ; the En);liBh file whitens at the first stroke, 
that of citizen Ranul resists. 

"Experiment XI. — No. 7- CitiMnSalneuve makes the 
experiment with this tile, the beat of those presented by 
C. Prevoat. At the first stroke upon steel of moderate 
hardness the English tile whitens ; that of citizen Raoul 
resists completely, and to that degree that one cannot 
diatingnish which of its three sides has been used for the 
experiment. 

'■ Experiment XII. — Citizen Fouverel, 
Palais de Tribunal, presents an English file, ma 
B. T. Bramall, of eight inches; it yields upon sted i 
the softest quality, and whitens completely upon 
highly tempered steel : it is observed tliat citiaen ~ 
file alone resists both trials. 

" As none of the persons present ofi'ered any more file* 
for comparisonj after having been repeatedly invited to 
do so by the president, the secretary having read the 
minutes of each experiment, the assembly a^aanied.~ 




I the general ilesignatiDn of edge tools is corn- 
ended, in the language of the trade, a considerable 
jnber of cutting instniinetils of tlie heavier kinds. 
Its, ailzes, chopping and dmning knives, plane 
^ trowels, augers, and all eorts of chisels, are the 
Ddpal articles ; and from the mere enumeration of 
't will be at once seen that this class of tools 
t constitute no small or unimportant i 
tboae manufactures Into which iron and steel uniudly 
enter. That the home consumption of the articles 
above named, and of others that class with them, must 
be immense, will become apparent an a moment's reflec- 
tion; for upon the use of one or other, or all of them, 
depend nearly all those works and conveniences which 
distinguish civilised from savage man ; and, in general, 
they are the very implements wielded by the pioneers 
«f civilisation itaelf in every part of the world. As an 
item in the bUIs of lading with reference to foreign 
cwnmerce, edge tools hold an equally prominent place; 
it is therefore obviously of the last importance that 
goods of such universal demand at home and abroad 
should obtain a due share of workman-Uke and mer- 
cantile attention, This they have undoubtedly received. 
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though the result Iim not, it ig to be feved, Umed 
itnifonnly in fnvour of increased excellence. 

The hatchet, as it is one of tlte mos' ancient, so it 11 
likewise one at the most important, articlesof the fon^ 
gmng enumeration. It ii an implement, too, the fomtf 
ation of which is so simple, and the use bo iinvarjio^ 
that it might be suppoaed the variatiuns in its vihia 
vouhl he few and immaterial ; and j^et, nothing can IK 
wider than the difference between a good and a bt^ 
hatchet. In its formation at the anvil, the worimWR^ 
maker and Blriker, beat out a piece of iron into ' ■■ 
t shape, that hj turning it over ■ model, the eje or 
Rocket ia iiia<le, and the welding eiibcicd ; by thii lit> 
ter process, so much steel aa ia intendeil to conatituW 
tile cutting edge, is united with the head. It is (hel) 
sent to the grinding wheel, where it receives up<ai ibc 
■tone the necegsary sharpening; and, when black ¥ 
nished, it is ready for sale. All these proceases, as ab 
ready hinted, may be gone through in the most wort 
manlike manner, so that the axe may appear beautifid 
in form, and perfect in linish, and yet be worth little 
or nothing when it comes lo be tised. If the iron 
■teel work pretty freely, the forger calls the niateiiall 
good, and if the edge come smooth and bright from Ii 
■tone, the grinder is perfectly satisfied : both these cr 
teria, however, may indicate a very worthless, as wtB i 
a very excellent, instrument. After the preceding Ii 
marks, it is hardly necessary to say, in so many word^ 
that the value of a hatchet depends much less v 
perfection of workmanship than integrity of mat«nll( 
It is, therefore, of the very first consequence to a v 
man, either in the woods or in the carpenter's shop, thri 
his liK)! should be of the requisite quality ; at leut, Mt 
is the case so far as appearance is concerned : ^^ 
welding, of course, is exceedingly lo be deprecated. 
The best steel may, in some instances, be injured bj 
negligence in the manufacture ; but no care, on the otheF- 
band, can compensate fur the innate worthlessnew of 
that which is of the opposite denomination. 
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► America has long been Ihe chief foreign market for 
Hun description of hardware; and it were to have been 
wished that the manufacturers of Great Britain had 
never conceded, through a deterioration of (he staple, 
those advantages which might otherwise much longer 
have withstood the moat enterprising rivalry. It is 
usuredly a question, the discussion of which might 
perhaps not unprofitably exercise the ingenuity of po- 
litical emnomistB, how far, in wares affecting the na- 
tiooal creilit and emolument, au individual has a right 
lo deprave the quality of an article to any extent, to 
enable him to sell it at a price correspondingly low ; 
and, moreover, what, on the whole, society gains or loses, 
between s regulation which compuisorily maintains in 
the article a standard degree of goodness, thereby con- 
fining its use to such as can pay the regular price, and 
a state of things which presents the lowest possible 
terms to facilitate its universal acquiaition } A car- 
penter buys a drawing-knife, which is a stout blade, 
edged in the middle, and handled at both ends ; It is 
neatly formed, finely ground, warranted, and above all 
ejveedingly cheap. He congratulates himself on his 
bargain ; hut he no sooner begins to apply it fairly to its 
work than he discovers that cheapness is its sole recom- 
mendation : it cuts, indeed, but so iniliSerently, that 
between the incessant use of the whetstone and the 
misery of slicing with a gmd-for-nolhing tool Ues his 
only alternative. But what shall he do to help himself p 
he has the knife, and, bad as it is, he must even make 
his best of it : and thus he pays in the loss of time and 
temper a price beyond all comparison higher in the end 
for the indifferent article than he would have had to pay 
at die first for a really good one. The following is by 
DO means an uncommon case in America. A Kentucky 
man comes from his woody locadan to New York, to 
purchase a hatchet. He suits himself with one that is 
heavy enough, and handsome enough (though he cares 
little for its beauty), and eheap enough. On reaching 
Dome, he proceeds to tit it with a handle ; in the pet- 




fonnanee of Ibis opcratioii, he drivei the wood M 
cibly into the eye, that the iron, which ii rotten, U 
warkmen say, give* way, andtheiastrument isof 
entireljr spoiled. The iron, however, is rarely _ 

as to burst in this manner ; so that, in general, the ue 
ia carried out into llie forest and applied to itt proper lue. 
The woodman presendy liniU ihst the atee] is bo worth' 
less, that the edge will not stand 
able, and breaks away In small m 
turoB again with the stroke. This 
i^nary case ; or rather, it mu not; for 
brought even reputable British marks 
and tlie Kentucky man wltl not purchase an imported 
hatchet at any }trice, if he lan obtain an American one. 
These remarks are extorted under a strong feeling of 
regret ; not that the manufacturers of the United States 
shouldhave the spirit and wisdom to use good steel, whiCht.- 
has been expensively redned, but that our own makctii- 
sliould be content to sacrifice on an inferior ro»(auIJ< 
their own repuution and the credit of their eounlTf..*' 
This evil is sufficiently palpable, when these usdeVr 
commodities are sold, bond fide at a low price ; how 
much is the mischief sggravatai, when they are pnlmedl 
upon the confiding purchitser as of first rate quaHljrl 
Nor let it be supposed tliat the " Yankee hatchets," M ' 
they are called, consist in general merely of good 
rudely managed ; we have seen axes and other cu 
instruments from an extensive manufactory in Conni 
ticut, which were not only made of exceilent 
but were formed and finished with a degree of perfect 
that must have convinced any person in the leas 
quainted with such matters, iliat the maker of 
tools had nothing to learn in his business, and lit 
fear from competition. It will be obvious that these 
marks apply with more or less force to the other ajn' 
enumerated above. 

In the manufacture of almost every descriplio 
edge tools, the art of uniting iron and steel, by the 



B c^ed welding, hsa so long been practised, chat it 
' ", not be easy to point out a period when it did not 
All the old workmen, however, used only shear 
Ujwhidi, however excellent, was exceedingly malleable; 
ll for many years after the invention of cast steel, al. 
a in the greatest repute fiir the formation of 
11 articles, or such its consisted of but one metal, it 
i generally supposed to be impossible to weld it, either 
1 steel or even to iron. And however the 
;ast stesl," which the Sheffield artists early 
i> stamp even upon low-priced wares, might seem 
! encournged an approach toward the ojiposiie 
; still the assertion of so high an authority as 
f Wation, who remarks in bis Chemical Essays 
it steel, at a welding heat, " runs away under the 
ipiner like sand," was long regarded as the distiD- 
bing dogma of the orthodox theory. 
lo dowly did the ancient notion yield to experience, 
o little satisfactory was experience, even in the place 
It favourable for its exercise, that, about forty years 
^d saw-maker attempted llie introduction 
) the edge-tool business of a method of steeling sr- 
iesj by pouring ilie metal, when in a fluid state, into 
which had immedialely before been in- 
m parf of the instrument heated to a weld- 
i state, by which means the iron and steel became 
jtorated, and wuuM admit of being hammered, 
ir slit, for edge-tool purposes, " as easily as 
3n," said the inventor. It was superseded, how- 
:, by a better process, and has long been forgotten in 

In 1795, sir Thomas Frankland, bart., in a commu- 
nication laid before the Royal Society, asserted the prac- 
ticability of welding cast steel. A few experiments 
conTinceil him that, contrary to the general bdief, cast- 
steel in a white heat and iron in a welding heat united 
completely. He does not deny that considerable nicety 
is required in giving a proper beat to the sleet, because 
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on applying it to the iron it i 
and will soioedmeB run on that increaae, though I 
would hsre bome the hammer in the state in nfaidi | 
woi taken From the fire. The steels on whicli the t^ 
periments of tile ingeniouB baronet were niade, wq 
Wallier's of Roiherhain and Huntsman's of Atterdi 

Mr. Joseph Collier, in an essay t 
read before the Manchester Philosophical Soine^ f 
I7y8, denies the validity of the al " ' 

Frankland, and contends lliat only sot^ cast sted, lin 
belter thati common aieel, will weld with i 
been asserted, and that pure steel will not; fn- ihU> 1 
the heat described by sir Thomas, the best ateel tiA 
roellB, or will not bear the hammer. If by ' 
steel," and " pure steel," Mr. Collier meant, what, hoil 
ever, the terms themselves do not imply, steel that h 
been subjected to the highest degree of carbonisation, 
he may be allowed to have come near the fact^ which is, 
that the less the bars are charged with carbonacecus 
matter during cementation, the more readily will the 
cast metal endure (he process of welding; though, bard 
or gofi, the best and purest steel is vastly more tract- 
able than the common or inferior sorts. 

To bring these observations to bear on the practical 
question as to what really takes place in the work- 
shops, it may be slated, that a couidderable quantity of 
very excellent cast steel is now use<i In tile manufacture 
of the lighter sorts of edge tools, and especially in plane- 
irons, and even in table knives, in which die disputed 
facility of welding it to iron is daily and successfully 
practised. The steel, however, used for tliese purposes, 
is not the very hardest that is made, namely, the kind 
required for the finest razor bUdes : thit cannot be used 
without requiring more care tlian euy result could 
justify. That it is poatible, however, to weld steel, 
even of the highest carbonieation, the writer of this 
passage assured himself satisfactorily, by witnesang > 
clever workman unite by this process a bar of ruor 
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ith a rod of Lowmoor irou : tlie suture where 
} metals united was visible, but tliu junctiou was 
; nor did there appear to be any sjiiiptuma of 
Ictare in the harder metal, though the; were drawn 

a considerable extent on the anvil. 

'Another Brticle, to the production of which the spirit 

if noderti improvement bus applied the material of cut 

is the maaon'a trowel, and other [hings of the like 

Formerly trowels were made of iron, with the 

KOeption of the edges, which were composed by Elitting 

n all round with a chisel, and inserting into the 

atrip of steel, the whole of which was then 

ed, and the bit drawn out, iw as to keep the better 

J as much to the edge as poKsible. Implements 

i manufactured were not only soon worn, so as to 

i for cutting bricks, &c., but were much more 

[e la become rough and rusty on the face than those 

£ entirely of steeL 

.As ■ maker of cast-steel trowels, Mr. Walby.of Gob- 

"-atreet, obtained considerable reputation, by using n 

{ material, and hammering to perfection ; to give 

it to his attainment of this latter desideratum, he in- 

a ingenious skelper or tilt, to be wrought by 

his own premises, and which was shown to his 

B, and other curious individuals, as iltustratiTe 

f Ml procsEs. It is not to be supposed that all the 

~i which he sold were indebted for their supe- 

} the operation of this machine ; but as the 

f a deserved celebrity, in this manufacture, a 

(ticolar notice will be acceptable. The following cut 

te the forge hammer alluded to, and for which 

i Society for the Encour^emenl of Arts, Mnniifac- 

I, and Commerce, voted to Mr. Walby their silver 

1, yalae forty guineas. 

A is a l)1ock of oak, in which the hammer acts. B the 

n which the hammer-handle C is Sxed, 

) the chains which give motion to the hammer by 

e quadrant D. BE are two levers which work ita 
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quidrant D. FP are mo pedals on which the r 

who works ihe machine treads altematelj, holding the^ 

levers £E inhishanda; when he Ireads on the right,! 




pedal F, he lifts the hand levers EE, which I _^^ 

rai«s the hammer C ; when he treads ou the left pedal 
lie presses on the eame levers, which motion let* fid 
t)ie liammer. G is a racic which moves perpendiculxri; 
by the action of a strong wooden spring, H, placed ii 
a trough underneath the centre of the machine ; 
lack is kept close to the quadrant K by a bridge ci 
[aiidng a small friction roUer, I an additional al 
-spring, fastened to the ceiling over the machine, 
order to assist the wood spring H when fewer bond) 
are at work. K is the quadrant contained in the centn 
of the block A under the nave B, which asriatt 
raising or depressing the hammer by the altemale a 
tions of llie pedals FF. L is a lever fixed on ihe w 
of the quadrant K, which at the lime it depresses t] 
rack G pulls upon the hammer-handle C by the e 



I, which adds to the power of the blow. NO are the 
D iide levere, to be worked by two men, when more 
r ia required. PP are two other pedals on wliich 
i treads alternately, to give motion to tile ham- 
r, taring an upright rod or chain to each pedal ; one 
connected from the right pedal P to the lever O, 
raises the hammer ; the other rod from the left 
P is connected to the handle of the hammer C ; 
the man treads on the left pedal P he acta upon 
lunmer C, and by lifting the lever O with both 
■ eaame time, adds double power to the blow, 
a wooden spring or slop, which prevents the ham- 
&oni rising too high, and accelerates ilie full. R 
bridle which eupporta the wooden spring Q. SS 
two iron standards, with holes in each, to raise or 
!t the said spring. T is a wooden standard, to sup- 
one end of the wooden spring Q. V is a steel 
ipered spring standard, to support the hammer whilst 
;tion ; it also gives ease to the other spring, and 
the heat of the anvil from softening the face of 
hammer. U is a solid block of oak, on which the 
stands. W the anvil, with a hollow dovelai] at 
>p, forthe reception of different faces, as (he van- 
la of work may require. X a steel face, dove- 
the anvil. Y a steel spring, which hea beneath 
mer handle, hut only touches it when the ham- 
) : this spring, when the heated metal is laid 
the anvil, prevents the hammer from falling upon 
Ji ila full force, while in a soft state. It gives a 
il to the hammer, and permits the workman to mo- 
r shorten the stroke of the hammer with quick- 
^ase, and regularity. Z is a weight hung on the 
F the quadrant K, in order to counteract the 
of the hammer occarioncdly, when light work iz 

Cast-steel troviels have been, of late, plated or spread, 
1 considerable success, by an ingenious application of 
rdling process. A flat bar of steel, seven-sixteenths 



of «n inch thick, uid three inches 
loienge-shaped piec«a, thus: — 
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One of these pieces is tlien taken and inserted 
a pair of rollers, the uppermost of which bis 
square hole sunk into its surface, fire-tendia of 
deep: ioto this cavity is compressed a small portion t 
Fig. 8S. the entire strength of the metal, a at the upj " 

fend of the annexed figure ; the ren 
the substance b, being spread out in tfae di- 
rection of the point c ,■ thus producing a ct 
reetly shapetl trowel of it. The liiick poHic 
at □, is left to allow of the iron tsng bn 
welded thereto : and, in order to leave t 
plate stouter towards the handle, and Haem 
as ii approaches the edges and the poin^ 
the surface of the upper roller is cut away, i 
mould tile ariicle widi the precision required. 

The edge-tool munufaclurers are general!)', likewii^ 
the makers of ciiisels, engraving toots, and numcroi 
other similar articles. These instruments not only i 
quire to be made out of cast-steel of the moat perisc 
quality, but they ought to be treated, through eve 
process, with the most ejcset attention ; for it is of mu 
advantage that the material be the best that can be pr 
duced, if the workman through whose hands it bri 
pass be i|;^orRnt or negligent of any part of his dnt 
The quidities to be attained are hardness and toi^InK 
— qualities not seldom found in perfection per W, b 
rarely united to the extent desired in a single tooL 
ttie article, after being carefully hardened, be afterwH) 
too much reduced in (he tempering;, it will be found I 
be of btlle use when applied to cut steel or hard St( 
It mny, however, be re-heated, and again immersed; 
error most to be guarded against is overheating; 
this misfortune there is no remedy. It destroys, at 
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n say, tlie nature of the Eteel, wliicli, instead of 
J an edge, cmmblea away in minute particles on 
le aligfatest application. Hume, an old writer on this 
t, did indeed give directionB for the restorntion of 
el that has been in this manner InirtU, aait is termed ; 
etter knowledge of its properties has long since 
rt ihe notion. 

lill mentions that Mr. SlanclifFe, a mathematical 

ment maker, formerly employed by the cele- 

d Ramsden, adopted the following method in pre- 

IgBteelarticlesin which great nicety was required: — 

Qg the tool, and condeneing it by hammering, 

y heatfid the point and quenched it: he then, 

le edge of a file, made trial, by filing along from 

It and unhardened part, to that part of it where it 

le hard, and formed hia cutting part or edge, by 

^ and whetting that part into shape. He was 

■ aaaured of the quality of hia tool being the best 

It the Etecl he employed could possibly produce, nor 

d it require tempering as usual. 

I Although not, perbapsj properly belonging to edgL'- 

"t may be proper in this place to mention, on 

hority last quoted, an ingenious method of oh- 

a defect which belongs even to the very best 

el articles, when used under certain circumstances. 

sU known that, in making holes in red-hot iron 

r, such, for instance, as wheel-tire, horse-shoes, 

e hardened and tempered steel punches become 

d from the effect of the heat ; and, changing their 

!, must be repaired from time to time. Mr. Peter 

r, formerly an engineer at St. Pancras, having oc- 

i Ut make many nail holes in the wheel-tire of 

:airiages and hor^c-shoes, and having expe- 

e above inconvenience in a very great d^ree, 

y betliDught himself of s-ubstituting punches made 

" ' ' I for those of steel, and which he 

1 fiiUy to answer the purpose, as they constantly 

ined their original hardness, notwithstanding they 

f fcequently became red-hnt in using. 
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As, however, chilled cast iron is not sufficiently toagh 
to bear bending without breaking, he found it necessary 
to strengthen his punches, by surrounding and endosing 
their stems in cast-iron holes, made of shapes cor- 
responding with the stems, in properly shaped supports, 
and having their points only standing out a sufficient 
length for use. 
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CHAP. XXL ; 

SAW8. 

fABULOUS OaiGlW OF SAWg. EARLT FIOURES OF THESE IN- 
STRUMENTS* — ESTABLISHMENT OP SAWING MACHINERT. — 

SAWMILLS IN ENGLAND. MATERIAL OF SAWS. SHAPING 

AND TOOTHING OF SAW BLADES. HARDENING AND TEMPER- 
ING. — PLANISHING, OR SMITHING. — GRINDING AND GLAZING. 

FINISHINO. OPINIONS RELATIVE TO THE TESTING OF SAWS. 

INJURIOUS SYSTEM OF DEALING. 

The saw is undoubtedly^ next to the axe^ the instrument 
most effectual in the hands of man when the trees of 
the forest are to be appropriated to his convenienceJ 
The earliest and most obvious method of preparing 
timber for use would be to split the trunks with wedges^ 
and afterwards to smooth and fashion the planks by 
means of the hatchet. This wasteful and slovenly pro- 
cess had allowedly one recommendation of no small im- 
portance in ages when the strength and management of 
timber were less perfectly understood than they are at 
present* In riving^ the separation of the boards or spars 
necessarily followed the direction of the grain^ and 
hence the strength of the material was secured at its 
maximum ratio^ the disruption of fibre being much less 
easily effected in split than in sawn timber. It is equally 
certain that wood cut in this primitive manner must 
often be crooked and irregular ; this^ however^ in many 
respects may be no disadvantage^ but for some purposes 
a desideratum^ as in shipbuilding : besides^ the straight- 
ening of it would not always be impracticable. It is to 
the invention of the saw^ however^ that we owe the ease^ 
economy, and regularity, with which the lai^est trees 
are separated into useful portions by modem industry. 
The invention of the saw has been by the Greek my* 

▲ A 4 



thologiats attributed to TbIuh, Ferdix, uid Dcdaltit; 
into ibdr respective claims Beckmann has entered ■ 
■ome length. The storj confurring the honour upon th 
formet of these waithieststbui told: — Talus was the ton 
of Diedalua's sialer, and was by his mother placed tinder 
the tuition of her brother, to be instructed in hii 
Having once found the jaw-bone of a snake, heemplojed 
it to cut through a small piece of wood, and b; these 
means was induced to form a like instrument of iron, 
that is, to make a saw. This inieatio& bo greatly fidli- 
taled his labour, that it exdied the enry of his ma 
and instigated him to put Talua to death privatdy. Tbo 
nurative proceeils, that being asked by some one, wlien 
he was burying the budy, what he was depositing in tbe 
earth, he replied enigmatically, "A serpent." This mi»< 
pidotis answer discovered the murder ; and thus, »6At 
the historian (Diudorus), a snake was the cause of tbs 
invfflition, of the murder, and of its being found doL 
Perdix, we are told, did not employ far a saw the jaw- 
bone of a snake like Talus, but, according to Ovid and 
others, the back-bone of a fish. Some learning has been 
expended upon the terms used by the original writ 
commentators, however, are divided between the badc-^ 
bone and the jaw-bone of a fish. Beckmann Is inclined 
to explain this difficulty by the bone which prcjects from 
the snout of the saw-fish, which is called by tile Romtraa 
terra, and by the Greeks vpiarin : that bone, he gravelj 
observes, might not be altogether unfit for such an ua^ 
as the leeth are strongly united to the broad hone in tha . 
middle, and are capable of resisting a great force, but 
ihey are placed at rather too great a distance. An early 
writer, describing CadomoEto's voyage to AiVicn, d{>ea 
indeed state that the old inhabitants of Maddra really 
used this bone instead of a saw ; a statement only ona 
degree less ridiculous than that of tlie veracious Olauft 
Magnus, who states that the fisli itself can with thia 
instrument cut through the planking of a ship 1 The 
plain case appears to be simply this. The ancient poeta 
and historians, finding in the structure of various aniinala 
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* somewhat reBembling ilie saw in use among them, 
IjifiiUy pursned the analogy, mid, by a natural and 
if fiction, traiigjioBing cause and effect, they referred to 
I origin what pTDpLT)y belonged to the illustration of 

It the sawB of the Grecian carpenters wctc pretty 
n form to those at present in use is Batisfactorily 
d from a painting found at Herculaneum, in which 
enii are represented at the end of a bench, conaist- 
" a long table, enoh end of which rests upon two 
boted stools. The instrument in this repreaeDtacion 
s mu frame saw : it consists of a square frame, 
a the middle a blade or web, the teeth of which 
i perpendicular to the plane of the frame. The 
' «, in which the blade is fastened, haTe the same 
a that which is at preaetit giren to them. The 
K of wood which is to be sawn extends beyond the 
f the bench, and one of the workmen appears 
g and the other sittinj; on the ground. This is 
y the most ancient authentic voucher for the early 
it resembling our common saw 
Montfaucon has giveti figures of two ancient 
3 imperfectly delineated to allow their 
r formation to be distinguished. Palladius de- 
» Mwa fastened to a handle, and Cicero, in his 
1 for CluentiuB, incidentally mentions one with 
1 an ingenious thief eawed out the bottom of a 

Knee the fourth century, if not earlier, the working 
1 reciprocating motion, by means of 
IT power, has been more or less common in various 
[■ of Europe, especially in Germany, Norway, and at 
r period in lliia country. A succinct account of 
i early aaw-milla will not be out of place here, 
ffding to Beckmann, there were saw-miUa at Augs- 
g H early ts 1 333. When settlers were first sent out 
Die island of Madeira, which was discovered in 1430, 
■ only were the various hinda of European fruits car- 
3 thither, but saw-mills were erected foi Ate ^<M\iiwe 
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of cutting into deali the many species of excdk 
timber with which tlie island abauniled, ami whidi wi 
afterwards mnsporleil to Portugal. About the yi 
1427, the city of Breslau had a saw-miU which p 
duced the yearly rent of lliree merks ; and in 1490> 1 
magistratea of Erfurt purcbaaed a forest, in which dl 
eauaed a saw-mill to be erected, and they rented 
mill in the neighbourhood besides. Id Norwayj whii 
is covered with foresu, the first raw-mill was eiecb 
about the year 1530. This mode of manufactoTii 
timber was calleil the "new art ;" and because the a 
imrtation of deals was by means thereof much 
this circumstance gave occasion to the deal tithe imp 
by Christian III, in the year 154^. In 1555, 
bisliop of £!y, ambassador Irom Mary queen of 
to the court of Home, having seen a saw.tnill 
neighbouchood of Lyons, the writer of his travels 
it worthy of a particular description, from which it ap 
pears that the motion of the blade was perpendicuki. 
for. Bays the account, the wheel " being turned with thi 
force of the water, hoisltil up and doiBn the saw." 

Peter the Great introduced the saw into RuBsia. Fa 
this purpose policy was necessary. The czar, during fas 
residence in England, and while employed 
in one of our dockyards, had, in all probability, b 
seen the advantages of the saw and used it with his c 
hands. On his return to St Pctershurgh, the capital 
his dominions, among other things that attracted his 
tention, as reijuiring reform, was the practice of m 
timber. Peter saw the necessity of introducing a m 
rational mode. Instead, however, of interdicting the 
method, he imposed a cluty upon all the split timber t 
was floated down the Neva, whUe sawn deals were < 
empted from the impost : by ttiis course the rude 
tice of riving was soon superseded by the more eff 
operation of the saw wrought by machinery. 

In the si^iteenth century mills became general In' 
which, by working aevecftl saws parallel to each other, M: 
plank was si once cut into severe) deals. The Dutch 
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■ntion of ihis improTement, and a 
-milk of ihia kind might fonnetly 
HoUand. The first mill, howerer, 
believed to have beeo erecied in 
1()53; one of the wonders of 
was a mill having the water wheel 



have clwmed the ii 
greBI number of sa 

be seen at Saardam 

of this description is 

Sweden, in the year 

which kingdom in this 

twdve feet broad, and giving motion to seventy-two 

Saw-mille, on their introduction into England, had to 
encounter the fuUf&t measure of opposition from that iii' 
sane prejudice against all kinds of machinery which 
appears, as it were, to be hereditary in certain classes of 
workmen. The sawyers apprehended that they sliould 
be deprived of their labour and of their bread, and on 
this account their hostility waa moat determined. So 
early as the year 1 663, we are told that, on account of 
the opposition of the workmen, it was found necessary 
to abandon a saw-mill which had been set up by a 
Dutchman in the neighbourhood of London ; and abont 
half a dozen years afterwards, when John Houghton laid 
before the nation the advantages of such a mill, he ex- 
pressed at the same time liis apprehension that it might 
excite the rage of tlie populace. What he dreaded it 
ears actually took place, in I767 or 1768, when an 
It timber merchant, by the desire and with the ap- 
tobation of the Society of Arts, caused a aaw-tnill, 
jriTen by wind, to be erected at Limehouse, under the 
fiction of James Stansfield, who had learned in Hol- 
-t of constructing and managing machinery of 
t kind. A mob assembled, and pulled the miU to 
ea; but the damage was made good by the nation, and 
e of the rioters were punished. A new mill was, 
oon erected, and after it several others, which 
e niSbred to work without molestation. In these 
I, and those which rapidly succeeded them in differ- 
It parts of theUniled Kingdom, the saws moved w 
id{irocating motion, similar to their operation as we s< 
managed by two men at a jiit in the ordinary n: 
Of late years the efficiency of machinery tor this 
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purpose has been amazingly exicntled by ihe appUcatUm 

of ihe circular saw, especially ia the business of cal^ 

boards, epars, brushwooil, sbips' bloclcs, venecra, MXi 

every other light ileacription of work. Tbe oucrigea isM 

have been consequent on this futlher 

old mode of hand-sawing are scarcely yet ibrgoltm- 

These remarks are written almost wicbin view of a dr- 

cular saw-mill, erected on the site of one not long sinte 

burnt to die ground, without doubt by persons actuated 

by the motives above alluded to. 

The common band-saw, similar to that bo univerwily 
in use among carpenters, has no doubt been known from 
a remote antiquity, in all probability, indeed, it preienu 
the earliest form of the inEtnimenl:. In that cariouif 
specimen of typography, tlie Nuremberg Chronicle, 
made its appearance soon after the invention of priuting, 
there occurs, amidst hundreds of other wood cuts, a nid* 
picture of the building of the ark, in which two or threfl 
saws are introduced, differing but little from those 
preaent in use with our -oinera. The axes, on the oihei 
hand, delineated in the print, diiFer materially from thosq 
with which every one must be more or leas acquuntedj; 
That the artist might intend them for antediluvian 
may well enough be imagined by the reader, when tol^ 
that in a preceding picture of the expulsion of AdaiS 
and Eve from paradise, the gates of the garden of Edea 
are furnished with immense scroll hinges,li]4e those 
tines seen on our old church doors. 

Saws are manufactured either of iron, whidi ia ham^ 
mer-hardened, or planished on an anvil, to give the reqia* 
site degree of stiflbesa and elasticity; or they are made 
of shearsteel; or, lastly, of cast steel. The laat named, 
of course, are the beat, the most expensive, 
the moat durable articles : die only instrumei 

U the desirable qualities of a good tool of 
o be combined. In preparing the 

'a tised, the hquid metal ispQun!4] 
I oat of which the casting w' 
■ "TT.i I r . ~!iDrt slab, about 
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■ half inch thick. This plate, after the fash haa 

II remoTed from the angles, &c., is laminated by re- 

"j heating and pae«ing it between the rollers □ntil 

}itH that degree of strength and extennion which 

ired. If it be intended for a mill or pit saw, for 

li die whole piece may be neceeaary, it is mctely 

to shape according to the prescribed pattern; if 

ter articles, it in cut up into such azea as may be 

These operations are performed by means of 

II exceedingly stout pair of shears, which, in order that 

v may possesa tlie greatest possible power, are formed 

r handle, in the manner repreHented below. 

s two iron mandibles with steel blades at' 

sbed ; C the lever by which the workman raises and 

ipreues the upper blade ; D the block upon which the 

t are mounted. 

Fig. 89. 
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c web has been thus cut out to the proper 

i, and the edges made perfectly true, either by means 

1 Se, or by holding tbem against the JlaC side of a 

# grinding stone, the article is ready to have the teeth 

Q the edge. The teeth are cut either singly or 

ersl at a atroke, by means of a steel cutter working ver- 

lUy through a steel die, at a fly press, exactly similar 

It already described under the head of "nail mak- 

Of course, the sine and form of the teeth arc 

), according to tlie purposes for which the article 
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ii itedgned. In an ordlnar; miU-Eaw, tlie teeth m 
rigbt-aogled trunglea, meaeuring btrtween their potnti 
reqntctiTel;, *bout one inch and a quarter, and in dtplh 
about an inch. The teeth of an ordinurr pjt-aaw con- 
list of ■ auccessioii of demi-lunettea, being (he keenea 
fonn for cutting. The carpenter's hand-sawandmontodM 
common bswi arc toothed with amall BCrratures, in ttm 
resembling those of the mill saw, with the exception n 
the intervals or space« at the botmm of the tootUiif 
The lut^oincd engraving represents a section of 
ihreesBwi. Aia theraillsaw;!) the pit saw; Cthe! 
saw; D C the crois cutting law, the line of the 
which ia somewhat 




When cut, the article is placed in a vice, and the 
are seTerall; liled to a sharp point, and the wir^ 
□r fash, which may have been left by the punch, 
pletely removed. 

The next operadons, hardening and tempering, upon; 
■he right performance of which so much of the excel* 
lence of aleel instrumenls in general depends, require M 
be conducted with very particular attention ia 
article of saws. The hardening composition genenlly 
used by saw-inakerB consists of ingrediettts differing ac- 
cnrding to the fancy of the manuracturer ; some vat 
pale oil, otheia whale oil, while moat add to these cer- 
tain portions of rosin and tallow ; some makers use oflier 
ingredienta, which they affect to keep secret; the fol* 
lowing recipe ia recommended by Mr. Gill : — 
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Twenty gallons of spermaceti oil ; 
Twenty pounds of beef eatt, rendered ; 
One gallon of neata' foot oil ; 
Ooe pound of pitch ; 
Three pounds of black rosin. 
two last articles must be previously melted toge- 
, md then added to the otiier ingredients ; when 
must be heated in a proper iron vessel, with 
er fitted to it, until the moisciire is entirely 
, and die composition will lake fire on a 
g body being presented to its surface ; but whidi 
nstantly extinguished again by putting on iJie 
X of the vessel. 

ir plates as the workmen call them, which 

^ intended to be burdened, after being heated to a 

a teverheraling furnace or oven, are 

d et^evrise into the liquid mixture, prepared as 

e described, and which is contained in an oblong 

When BuffidentJy cooled 

t of being lisndJed, they are taken out of this 

id are found to be extremely hard and brittle, 

course, smeared all over viith the unctuous com* 

; a portion of this is scraped off by means of a 

r strong leattier. In this sUte the article is 

d backwards and forwards by means of a pair of 

over a clear coke fire, and as the liquid hJazeg 

aseuroes the temper requisite. The web, imme- 

■ on its withdrawal from the fire, after this ope- 

retains a considerable degree of heat, of which 

t advantage is taken to correct the warping by 

t blows given 'wiili a hammer on the hoUow side, 

t other ^de resting on en anvil previously strewed 

h Band to prevent the article from slipping about. 

e saw then undergoes another careful planishing 

J by means of hammers, varying according 

igth or thickness of the plate, for the purpose 

it quite true, even, and of equable elasticity. 

mance of this operation requires a d^ree of 

y which must be the result of long experience; 
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tlic worVmaii not onlv notices nunierout itiequalitiei nol 
nbvioui to common obBervition ; but, bj giving to I' 
web a vibratory motion, he percciiei and correct* i 
defect in the tensioQ of the whole with it precision al 
to that with which a niu«cian harmoniseB instrumental 
chords. Workmen of greal ceUbrity have stated, i 
to fecnre the objects of this operation effectually, widi 
the feuut pettible blatca. is the im piut uUra of pei- 
fection, 

Circnlar aaws are manufaciuted from plates of sheet 
eteel, and are toothed by means of a press and tools, the 
leeth being divided with great accuracy by means 
division -plate. The largest sise saws are made ii 
menta doTetailed logger. The " set " of the saw ood- 
sists inincUnio); the teeth at ihe particular angle known 
to be the best to facilitate the exit of llic tawduat, and 
thereby allow the aaw to operate more freely. Iron 
bars, shaftint^B, &c. are cnC lo length by a steel drcuUl 
saw in its soft stale, the iron to be cut beijig preaented 
to the saw red-hot, the saw revolving at a prodigiottl 
rate, and kept cool by dipping lis lower e 
water. A bar, two inches in diatneter, is cut ihroogh 
ID a few seconds. 

The next process is that of grinding. A saw-grindet 
runs the largest deticription of stonea, these being not 
unfrequei^ly aa much as five, six, or even seven fMtin 
diameter, and ten or twelve inches across the face ; tl 
web being so flexible an article, is, when applied to tl 
atone, placed against a board, upon which the grinder 
presses, moving it about during the operation. WheB 
the aaws are of the larger kinds, they are suspended W 
both ends from the top of the mill by cords, in order t; 
prevent their ends from vibrating, and likewise to enaUi 
the grinder ihe bctler to mwiage the work, 
easy to conceive the idea of muscular exertion, i 
danger, and peculiarity of attitude presented t 
and the mind of an individual who, unaccustomed I 
such a spectacle, looks at a saw-grinder when at woii 
standing on tiptoes over a great grindstone levoWiU 



b a fesrful rapidity ; hii arniB outatrelched lowBrds 

e exti«miljes of the board under which lies the saw, 

g against it with liis knees to keep it in the 

n with the surface of the Btone ; his jieraon 

1 dress appearing at the eame time as if they had 

1 dipped in an ochre bedj present a picture of no 

e operadon of grinding again destroys, to a con- 

ble extent, the flatness and straightnesa which the 

hing had produced; the saw is therefore submitted 

ir process of hammering similar to the former. 

^n passed over a small coke tire, until a slight 

; of oxidation, amounting to a faint straw colour, 

in the surface ; this restores the elasticity vrhich 

een lost by the grinding and hammering. The 

more placed in the hands of the 

er, who draws it lightly and lengthwise over his 

B to take out the marks of the hammering : after 

it is passed over a smooth hard stone to take out 

"tile inequalities which may have been produced 

} small hard particles in the grit of the rough 

When sufficiently smooth to take a poUsfa, it is 

I upon a bu&* or glazer, according to the market 

uplated, or the fancy of the manufacturer. The 

uff is a round wheel, or trundle, covered with 

r, attached by means of nails and glue ; by occa- 

vetting a portion of the same, and dipping it 

e emery, and passing it rapidly backwards and 

'b upon tile revolving wheel, the requisite polish 

ned. The glazer only differs from ihe buff in 

g it9 substance composed of numerous segments of 

1 wood, the ends uniformly presented to the sur- 

k and upon which the saw is worked instead of upon 

ther head : this is called " glazing on the bard- 

The only difference as regards the article h, 

e latter mode produces a higher polish ; but by 

g the blade much more hammering is afterwards 

In boili eases the saw is once more mih- 

the hammer for the purpose of CQr[te.Oiv><|, uvj 



injury it maj bave received by the pfevions proceiK*; 
bui it is aov termed blocking, and is perfoTmed by la 
ntperienced norkmin, who, with small polished hun- i 
men itrikes the web upon the end of an upright [ 
of hard wood. This pro<%(s is expected ta render tl 
article qnite perrecL 

After this the saw» are rubbed lengthwise, genertllyj 
by women, with a piece of cork-wood and i 
etnery, and then handed to the sett 
who places the teeth in an angular direcdon on t 
rounded edge of a amall anril, and with very liglit m 
suitkbly shaped hammers tune along the edge, «i 
erery allemale tooth so as to bend it a little ; he tl 
turns the eaw over and atHkes the remaining teeth, bJ 
like manner, the contrary way. This is for the purpoMS 
of preventing the friction of the saws c 
against the timber in woiL-ing. It is then placed in « 
vice, the ehapa of which are lined with lead to preTent 
vibration, and the teeth are all filed perfectly sharp. 
It u in the next place stiS'ened by paadng it over ■ fire 
as before ; after which the ovide is taken olF by meuiB 
of a little weak acid, and if it be an hand saw it ia . 
handled, when the hammerer iinally looks over em 
article and corrects any slight imperfectiona whieb I 
may notice. The handle is then oiteil, and the la' 
cleaned off^ and wrapped up for the market. 

Conaiderable difference of opinion exists 
manufacturers as to the merit of a mode of testing h 
which has long been considered as almost infallible by 
one class of judges, while another class have denoii 
it as fallacioun. A principal in one of the most ee]e< 
braled and extensive eetabiishmeiits in the trade fii* 
voured the compiler of this volume with the following 
obeervationB o^^Jy^QMUd point. Tile gentleinaa 
referwd J^H^^^^^^^garties comprising tile firn] 
■e loag been aware that 
It r^irded by apurchaaet 
^of its quality ; and they 
jTiegiel, seen the very best 
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made goods seriously injured and sometimes spoiled by 
dealers submitting tliem to this very fallacious test 

It would require (continues this experienced saw- 
maker) a long treatise on the nature and properties of 
steely with a tedious explanation of the numerous pro- 
cesses through which the article passes in the manu- 
factory^ fully to convince persons^ unacquainted with 
these things^ of the extent of the injury frequently done 
to saws by this practice. It may, however^ be sufficient 
to state^ that when saws^ of whatever quality and temper, 
have been, as is usual, well rubbed with emery, they 
will not spring; and the makers always find it necessary 
to heat them until a shade of colouring becomes visible 
in o^ier to restore this- elasticity. Now it must be 
obvious that a quality of which a saw may be deprived 
merely by a little rubbing, and which heat will restore 
at so low a temper as barely to discolour a polished 
surface of the plate, cannot be an essential property 
(except for the purpose of retaining its shape) ; there- 
fore ihe frequent bending of the blade will not only 
again destroy this elasticity, but, without great care, may 
also effectually spoil it as a tool. This cutler adds, 
that his firm has hesitated generally to publish this 
exposition, because its admission might give inferior 
makers an advantage over respectable houses, whose 
saws can better stand the equivocal test above mentioned. 
For assuredly this peculiar elasticity, to whatever extent 
it may safely be dispensed with in a saw made in the 
most perfect manner and of the best material, is cer- 
tainly not discoverable in those articles, the quality and 
workmanship of which are inferior. 
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Accident in casting, at Thomdiffo, 

sa 

Acnunan's chidns, 211. 
Adhesion of screws, S45. 
Agricola, on blast btoomary, 20. 

-r- , Be re MekUUcd, 250. 

Airdie iron, 51. 

Air, quantity thrown into a Air- 

naoe,67. 
Albert Diumr, engraves on steel, 

315. 
Alloys of steel, 278. 
Anchors, manufacture of, 113. 
Ancient steel nuUdng, 25a 
Ancient war^hones, not shod, 201. 
jincontet, or blooms, 99. 
Anthracite district of South Wales, 

Antiquity of casting, 7S ; of files, 

329 ; of steel, 249. 
Anvils, 109. 

Argillaceous ore, iron ftom, 53. 
Anstotle on iron, 25L 
Artillery, moationed by Sully, 22 ; 

iron used ftnr, 9L 
Atrato iron steam ship, 156. 
Aughtie's screws for coffins, 243. 
Axles, iron, 183. 



Balling ftimace, 118. 

Barlow, Mr., his patent rail, 179. 

Bar iron, produce, 95. 

Bar suspension bridge, new, 141. 

Basle, a meteoric stone faUs at, 9. 

Beckman, his *'Historv of Inven- 
tions,*' 12 ; on borsCi^hoeing, 192; 
on saws, 360, 

Bergmann, on manganese in steel, 
295. 

Bellows, water, 63; blacksmith's, 
187. 

Birkinshaw*8 patent rails, 174. 

Black Band or Scotland, 46. 

Blacksmith's work, 181. 



BhMskwell, S. H., of Dudley, on 
in» ores, 39; on iron made in 
England, 94. 

Blast fUmaces first invented, 35; 
estimate of, in 1850, 4a 58. 

Blistered steel, 260. 

Bloomary-blast, described by Agri- 

Bloomary, Indian, 292. 

Bloom stnithy, or voood-rent, 20. 

Blowing apparatus, 63. 

Boats, sheet iron, 154. 

Boiler plates, 152. 

Bonser, M., on anchors, 114. 

Bower-anchors, 115. 

Brads, glacier's, 225. 

Breaking strength of iron, 127. 

Breant, M., on damasked steel, 283* 

Bridges, chain, 123 ; tubular, 157. 

Bngantes, obtain arms from Shef- 
field, 25. 

Brighton Chain Pier, 136. 

Brightomith, the, 182. 

" Britannia,^' Camden's, quoted, 18. 

Britannia tubular bridge, 157. 

Britons, when they first worked 
iron, 17. 

Brodie, Alexander, a blacksmith. 
185. • 

Broughton suspension bridge broken 
by vibration, 13a 

Browne's, Captain, link, 213. 

Bronze, Egyptian, cast on iron, 16. 

Brunton's chains, 212. 

Budd, on the use of waste heat, 67. 

Burdon, Rowland, his cast-iron 
bridge over the Wear, 83. 

Buttery, on the manufacture of 
steel, 259. 



C. 

Cable chains, 213. 

Calcareous iron ores, 53. 

Camden, his notice of the iron 

trade. 18. 
Cannon, first used at the battle of 

Cressy, 21 ; casting of, 75^ inm, 
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' change it undenoM in Mlt water, 
85. 

Ctue-kardened railroad plates, 90. 

(^aae-hardening, 311. 

C:asting, 7& 

Ca«t iron, tint intiduction of, SI ; 
foundery, 73 : rails, 81 ; quantity 
produced in England, 93; Itrength 
of. 127. 

Cast steel, 264i 

Celtiberians, prepared steel, 15. 

Cemented .Heel linown to Pliny, 
iSS. 

Ch^ferv, iron, 99. 

Chain bridges, 183. 

Chain bridge at Dryburgh, 189. 

Chain pier at Brighton, 13& 

Chains, 805. 

Chalybes, their steel works, 14. 

Charcoal employed for smelting, 87. 
— fUmaces still existing, 68. 
■ iron at Ulverstone, 47. 

Charging a blast fUmace, 63. 

Charred uit-coal, 45. 

Chemical composition of iron ores, 
47; of steel, 867. 

Cherry's portable frame forge, 803. 

(/hilling, process of, 90. 

CAi//^ steel, Sll. 

China, large iron bridge in, 183. 

Christopherson's anchor, 181. 

Churches, Mr., new method of cast- 
ins, 90. 

Clarke, Edwin, on tubular bridges, 
158. 

Clyde iron works, 50; hot-air ap- 
paratun, 6^. 

Coal raised in England, 91. 

Coffin screws, 243. 

Coffins, sheet iron, 159. 

Coinage ofmrtal explained, 255. 

Coke, Sir William, on Dean Forest, 
37. 

Coke, management of, important, 
55 ; use of, in iron-smelting, KX). 

Colbert's improvement in screws, 
840. 

Colebrook Date iron arch, 84. 

Coleman, on the horse's hoof, 194. 

Collier, hio essay on iron and steel, 
352. 

Colours observed in tempering steel, 
310. 

Colquhoun, on the Scotch iron 
works, 48. 

Commissioner's Report on Iron, 126. 

Composition for hardening files, 348. 

Conway tubular bridge, 157. 

Coot, Mr. Henry, his method, 118. 

Copper, hardening of, by the an- 
cients, 6. 

Copper anchors used by the Span- 
iards, 114. 



Cort*s new mode of ihingfiiiff, kc, 

145. 
Coupling-chains, strength of» 198. 
Cressy, cannon used at, 21. 
Cromwell, an iron-master, 3S. 
Cross-basket iron ores, 49. 
Crushing-strength of cast iron, 

127. 
Crystal Palace, Penge park, 143. 
Cuckfield, iron made at, 4SL 
Cuckfleld iron works, 98. 
Curr, Mr., introduces raili, 82. 
Cut naib, 884. 
Cutting edges, skill required to iwo- 

duce,387. 
Cutting toob for America, 3SD. 



D. 
Dagger, made fh>m meteoric iron. 

Damascening steel, 882. 

Damascus steel blades, 961. 

Dannemora mines, in Sweden, £56. 

Danes* cinders, heaps of scoria, 27. 

Dean Forest, early iron wovks in, 
19.35. 

Decartwniaing steel plates, 313. 

DeeMe, Mr., on casting metal, 85i» 

Defects of steel, 275. 

Deiri, the, their arms. 26. 

Descostils, on the iron oree of 
France, 148. 

Dick Maxwell's BU^>ensiott rail- 
way, 139. 

Dryburgh bridge, destroyed by wind, 
129. 

Du Bartas, on smelting, 4. 

Dudley on iron works, 27. 

Dudley, Dud, his MetaUum Martis, 
28. 

Dufresnoy, on the manufacture ef 
iron, 95. 

Dyer's patent for steel plates, 312. 



E. 

Early use of metals, 1. 

Edge tools, 317. 

Egyptian bronze cast on iron, 16. 

Elasticity of steel for saws, 371. 

Elba, famous for its iron, !£50. 

Elizabeth, act of, to protect forests, 

45. '; 

Elliott's contrivance to 

grinders, 326. 
English steel, composition 
Engraving, steel plates for, 
Establishments, grinding. 
Etchings on steel plates, 31! 
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Exhibition, great, iron ores in, 39 ; 

building of iron, 141. 
Bvelyn, on the wasting of forettf , 44. 



F. 



Fabrication of chains, S07. 

Faggot steel, 263. 

Fairbaira's work on iron bridges, 

159. 
Faraday and Stodart on steel, £8a 
Feeders to blast furnace, 61. 
Ferrara, Andrew, his swords, 261. 
Flies, manufacture of, 328 ; harden* 

ing of, 340 ; Quality of good, 341. 
Finery, iron, 98. 
Firing a blast furnace, 62. 
Flexible elastic horse-shoo, 200. 
F'ly, or lever punch, 153i 
F ly, used uy nail nul^ers 228. 
Forge, the, 104. 
Forge, nailers', 219. 
Forging files, 33L 
Forging steel, 303. 
Foundery goods, 89. 
France, manufacture ot iron in, 95. 
Frankland on welding cast steel, 

351. 
Franklinite ore, iron fhnn, 128. 
Fribourg bridge of wire, 137. 
Furnace, puddling, 103; converting, 

257. 
Fumess, ancient works at, 19. 
Fusion, process of in fUrnace, 70. 



O. 

Gas pipes, 79. 

Oerman made filet, 8S0l 

German steel, 268. 

Oisbome. on the value of iron, 97. 

Gladstones cable chain, 217. 

Glaxing of saws, 369. 

Gold, early discovery of, 2. 

Gosling's anchor, 121. 

Gospel Oak works, iron firom, 135. 

Greeks, their knowledge of steel, 

11. 
Grey cast iron, 71.91. 
Grinders' asthma, 325. 
Grinding, 320. 
Grinding saws, 367. 
Grit-stone for grinding, 321. 
Guns, boring of, 77. 
Guyton, M., on combining iron and 

silver, 278. 



H. 

HsmuUite conglomerates, 47. 
Hallamsbire, the district of, 25. 



Hammersmith suspension bridge, 
134. 

Hammered iron rails, 174. 

Hancock's metal rope, 210. 

Harold's army supplied with swords, 
26. 

Hardening hearth for files, 341. 

Hardening of iron known to the 
Greeks, la 

Hardening steel, 305. 

Hawke's patent anchors, 116; pa- 
tent chain, 210. 

Hawkins's, K. F., patent anchor, 
120. 

Heading cut-nails, 231. 

Hearth of nailor's forge, 220. 

Heat for tempering steel, 308. 

Hemp and iron ropes, strength of, 
217. 

Henham, Mr., of Chatham, his 
mooring block, 120. 

Herculaneum, use of iron wheels 
in, 184. 

Hoc^kinson, Prof., experiment on 
iron, 126. 

Hoes of various kinds, 167. 

Holland, cast iron made in, 21. 

Homer, on iron, 11. 

Horie-shoeing, its antiquity, 191. 

Horses, shoeing of, 197. 

Horse-shoes, 186. 190. 

Hot blast, 64. 

Howard, Hon. Mr., collects mete- 
orites, 9. 

Hule, its import trade in iron, 254. 

Hungerford suspension bridge, 137. 

Huskisson, W., M. P., his death, 
179. 

Hunter, Sheffield historian J23. 

Hutchinson, on bridge at Durham. 
128. 

Hutton, on smelting iron, 23. 



Indian bellows, 9 ; steel, 287 ; steel 
furnace, 292. 

Invention of the saw, 360. 

Iron, known to the ancients, 7 ; 
native, found in Saxony, 7 ; me- 
teoric, 8 ; works at Kimberworth, 
24 ; prices of 230 years ago, 34. 

Iron cables, 215. 

Iron cast, strength of, 92. 

Iron forge, the old, 105. 

Iron ores, chemical composition of, 
47 ; Scotch, 49. 

Iron rails, malleable, 173. 

Iron, wrought, quality of good. 
108. 

Ithonus discovers the art of coin- 
ing, & 

JamesII.,ofSootlaiid«UUal^%L < 
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JmiM Im of EngUmd, gnmti patait 

ftir working coal, 98. 
Japan wares, 168. 
J«Mngire*s Autobiography, 10. 



K. 

King's ftimaoet, forest of Daan, 96. 
Kircher, on Elba iron, 250. 
Kirkstead, iron works at. Si. 
Knotted chains, 20a 



L. 

Lagerhjelm, M., on roHed iron, 170. 

Laminating ductile metal, 14i. 

Lancashire, coals raised in, 47. 

Lee's, Mr., iron wire bridge, 189. 

Lerer punch, or fly, 159. 

Lewis, Dr., on water vii'^wers, 61 

LigkUmg, or annealing tiles, SSI. 

Link, a new one by Acraman, 814. 

Linked chiUns, 807. 

Lister, Dr.. on steel, 849. 

London bridge^ iron used for cut- 
lery, 15. 

Irowering steel, 906. 

Lucas's patent for sted manufac- 
ture, 896. 

Lyceum report on flies, 949. 



M. 

Machinery for nail-cutting; 289; 

for cutting files, S.*^ 
Magnets employed to protect 

grinders. 986. 
Malleable iron found in Bussia, 8. 
Malleable hron rails, 173. 
Manufacture of iron in France, 149. 

of aaws, 364. 

Marks on bar iron, 255. 

Martin, Mr., on files, S39. 

Masbrough, iron worlcs at, 76. 

Machinery for cutting screws, 237. 

Metal helve, the, 106. 

Metal made per week in one fUr. 

nace, 69. 
Metal screws, improvements in, 240. 
Meteoric iron, 8 ; steel, 279. 
Menai suspension bridge, 130. 
Metallic castings, 89. 
MetaUum martis, by Dud Dudley, 

2& 
Military shoeing forges, 208. 
Minerals, formation, 8. 
Mines, chains for, 209 ; region of, in 

Sweden, 256. 
Miscellaneous articles, 161. 
Monkland steel furnace, 259. 
Montfaucon, on ancient saws, 961. . / 



Moorlnr^ilock, Hciihain% 19& 
Moorcroft*» patent hone-sboes, 199. 
Morpeth chain bridge falls dovii^ 

Moses, on the existence of gold, 3. 
Motley's suspension railway bridge^ 

199. 
Mottled cast iron. 7L 
Moukling gas and water pipes, 79 
Mulot, Citisen, commissioner on flie 

enquiry, 944. 
Mushet, on Iron and steel, 94 ; his 

black band, 58; on ca«Uqg, 74; 

hto patent iteel, 879. 



N. 

NaiKcotting machine. 887. 
Nail-making, genetally, 22L 
Nailor's foige. 8ia 
Nails, horse-shoe, 196. 818 ; cut, new 

mode of making, 884. 
Nailsmiths, work done by, S8SL 
Nasmyth's steam-hammer, 107. 
Native iron, 7. 
Natural steel, 895. 
Nero's horses* silver shoes, I9QL 
New Hampshire Ircm Company, 150L 
NicholsoniB apparatus Ant cutting 

flies, 3S4l 
Northern irOf»» probably steel, IS. 
Northmen, their smdting opera* 

tions, 27. 
Nuremberg Chronicle, 964^ 
Nuts and screws, 235. 



O. 

"0/tf cinder*,** indicating ancient 

works, 19. 
Ores, iron, of Whitehaven and 

Furneiis, 47. 
Osmer, William, on farriery, 200. 
Ovens for burning coke, 55. 



P. 



Paine, Thomas, the inventor of cast 

iron bridges, 83. 
Palmer's suspension railway, 138. 
Patent, Dud Dudley's, 30. 
Patent machine for screw-cutting, 

241. 
Pearson's, Dr., investigations on 

steel, 287. 
Penknife blade, its manufacture, 

303. 
Perkin's patent for steel plates, Scc^ 

312. 
Peruvian steel, 287. 
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StUkM, or mufU, 903. 

Stocdu, aniriL 118. 

Stodart and Faraday on steel, 280. 

Stone for grinding, 391. 

Stones fallen from the clouds, 8, 

Strength of pig iron, lfi7. 

Stripping or grinding files, 332. 

Stuard, his anchor, lia 

Styrian ^teel, composition of, 267. 

Suspension bridge at Hammersmith, 
lU i Hungerford, 137. 

Suspension bridges, rdative dimen- 
sions of. 138. 

Sussex, iron works in, 44. 

Sweden, iron of, 100; saw mills in, 
early, 363. 

Sylva, the author of, on iron works, 
57. 



T. 



Table-knife blades, ' their manu- 
faetuse, 304. 

Talbot, Fox .H., on photographic 
etchings on steel plates, 319. 

Taylor's patent for casting and tin. 
ning, 88. 

Tea trays, iron, 163. 

Teeth of saws, 366. 

Telford's Menai bridge, 130. 

Temperature, influence of, on fur- 
nace, 66. 

Tempering steel, 267. 

Tervel or tew- iron, 189. 

Tests of edge tools, 348. 

Theory of nail.cutting, 233. 

Thompson's, Mr, patent steel, 270. 

Tilting and rolling steel, S!68. 

Tinning, the process of, 89. 

Trade in nails, 228. 

Trade in steel. 277. 

Tray, tea, japanned, 163. 

Tredgold on strength of cast-iron, 
90. 

Trowel-maliing apparatus, 353. 

Tubal Cain,. 5. 

Tubes, iron, for gas, 172. 



TunneUiead, air taken firom, 671 
Turks use cannon before Constanti- 
nople, 22, 

U. 

United States, iron manufactured 
in, 96 ; Iron works, 150. 



V. 

Vauquelin on meteorites, 9. 
Venetians use cannon, 22. 
Vessel, iron, steam, 155. 
Veterinary forge, 126. 



W. 

Walby's trowels, celebrity of, S5SL 
Warren on the art of engraving on 

steel, 314. 
Water pipes, 78. 
Water-tew, iron, 189. 
Watson, Bishop, on metals, 4. 
Wave..storm, in Menai bridge, 136. 
West's Antiquities of Fumess, 19. 
White cast iron, 71. 91. 
Whitesmith, the, 182. 
Whitworth's standard screws, 245. 
Windsor Ceutle, her size, 156. 
Wire bridge, at Galashiels, 129 ; at 

Fribourg, 137. 
Wire chains, 206. 
Wood screws, 234. 
Wootz, or Indian steel, 287. 
Worcestershire iron district, 46. 
Wotley's screw forgings, 236. 
Wrought nails, 228. 
Wyatt, Digby, describes Exhibition 

building, 141. 



Y. 
Ystalyfera iron works, 67. 
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